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Sealed bids will be received by the Connecticut Airport Authority (CAA) (the Owner) at 334 Ella
Grasso Turnpike, Windsor Locks, CT 06096 until 1:00 PM, local time, Tuesday June 14,
2016 at which time and place all bids will be publicly opened and read for the following project:

Flush Clean & Replace Heating System Fluids
Bradley International Airport
Windsor Locks, Connecticut

CAA Construction Contract No. 2016-010

The project consists of the following:

The two hydronic heating systems (“Old” and “New”) in the Main Terminal will be flushed,
chemically cleaned, and refilled with water appropriate to their design. Water will be flushed to
a water truck secured by the contractor, and removed to an off-site wastewater treatment plant.
Cleaning compounds will be added to each system to remove corrosion and sludge, and
drained either to a water truck for off-site disposal, or drained to the sewer system, as water
chemistry allows. Upon completion of the cleaning process, the Old and New Systems will be
refilled with chemically treated water. One side stream filtration unit will be installed for each
system (total of two units). A shot feeder will be installed on the Old System to regulate water
chemistry. The Old System will be flushed, treated, and refilled first, followed by the New
System.

The contract time for completion of all work is within sixty (60) calendar days from the date
specified in the “Notice to Proceed”.

The work performed under this Contract WILL NOT be governed by Federal Contract
Provisions, since federal funding will not be used. However, the attention of prospective bidders
is called to the fact that this project is to be bid upon and the contract executed, under the
Federal Rules and Regulations for carrying out the provisions of:

Civil Rights General Provisions (Title 49 United States Code, § 47123)
Title VI Provisions of the Civil Rights Act of 1964, as amended and supplemented,

The CAA, in accordance with the provisions of Title VI of the Civil Rights Act of 1964 (78 Stat.
252, 42 U.S.C. §§ 2000d to 2000d-4) and the Regulations, hereby notifies all bidders that it will
affirmatively ensure that any contract entered into pursuant to this advertisement,
disadvantaged business enterprises will be afforded full and fair opportunity to submit bids in
response to this invitation and will not be discriminated against on the grounds of race, color, or
national origin in consideration for an award. It is the policy of the CAA to practice
nondiscrimination based on race, color, sex, or national origin in the award or performance of
this contract. All disadvantaged business enterprise firms qualifying under this solicitation are
encouraged to submit bids/proposals. The provisions of State of Connecticut non-discrimination
requirement pursuant to Connecticut General Statutes §4a-60 and §4a-60a will also apply.
Award of this contract will be conditioned upon satisfying the requirements of this section.

All requirements of the State of Connecticut procurement process, as well as all State of
Connecticut administrative regulations shall apply to this project, as if herein written out in full.
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In addition, the State of Connecticut general provisions and prosecution of work requirements
will apply, including compliance with State of Connecticut Wage requirements.

Each sealed bid shall be accompanied by a certified check, cashier's check or satisfactory Bid
Bond, in an amount equal to five percent (5%) of the bid, payable to the Connecticut Airport
Authority.

The successful bidder will be required to execute and furnish a Performance Bond, and Labor
and Materials Payment Bond as security for faithful performance and payment of all bills and
obligations arising from the performance of the work. Each security shall be in an amount of not
less than one hundred percent (100%) of the contract price and shall be in a form acceptable to
the Owner.

Contract Documents will be available May 10, 2016 and may be purchased at CAA, 334 Ella
Grasso Turnpike, Suite 160, Windsor Locks, CT 06096 between the hours of 8:00 a.m. and
4:30 p.m. Monday thru Friday (excluding holidays) — through Laurie Sirois, Manager of Grants,
Contracts and Procurement, (860) 254-5576, Email: procurement@ctairports.org at the
following cost:

Specifications with Drawing Package in digital format on either a CD or USB flash drive: $25.00
(non-refundable). Paper copies are available at a non-refundable cost of $140.00. Certified
Checks or Money Orders shall be made payable to the Connecticut Airport Authority.

A Mandatory Pre-Bid Conference for bidders will be conducted at Connecticut Airport
Authority Offices, 334 Ella Grasso Turnpike, Windsor Locks, CT 06096 on Tuesday, May
24, 2016 at 10:00 AM local time. Neither the Owner, nor the Architect/Engineer, shall be
responsible for disseminating information discussed at this meeting, except as issued by
Addendum. All questions shall be directed through Laurie Sirois, Manager of Grants, Contracts
and Procurement, Email: procurement@ctairports.org.

The Pre-Bid Conference includes a site tour with areas that are located airside; therefore,
individuals planning to attend the site tour must email the following information to
procurement@ctairports.org no later than 1:00 PM on Thursday, May 19, 2016, full legal name,
name of firm you are representing, phone number, date of birth, place of birth, and an unexpired
copy of driver’s license or passport. Individuals will be subject to a security screening prior to
admittance to the proposed site.

Please note the site tour will be limited to two (2) representatives from each firm.

No bidder may withdraw his bid within one hundred twenty (120) days after the actual date of
opening hereof.

Award of the contract shall be made to the lowest responsible and responsive bidder, whose
responsive bid conforms to written requirements of the Owner.

END OF SECTION
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	01 2513 Product Substitution Procedures
	PART 1 – GENERAL
	PART 2 – PRODUCTS

	01 2600 Contract Mod Procedures
	PART 1 -  GENERAL
	1.1 SUMMARY
	A. Section includes administrative and procedural requirements for handling and processing Contract modifications.
	B. Related Requirements:

	1.2 MINOR CHANGES IN THE WORK
	A. Engineer will issue field order authorizing minor changes in the Work, not involving adjustment to the Contract Sum or the Contract Time.

	1.3 PROPOSAL REQUESTS
	A. Owner-Initiated Proposal Requests:  Engineer will issue detailed description of proposed changes in the Work that may require adjustment to Contract Sum or Contract Time.
	1. Construction Change Proposal Requests issued by Engineer are not instructions either to stop work in progress or to execute the proposed change.
	2. Within time specified in Construction Change Proposal Request after receipt of Construction Change Proposal Request, submit quotation estimating cost adjustments to Contract Sum and Contract Time necessary to execute the change.
	a. Include list of quantities of products required or eliminated and unit costs, with total amount of purchases and credits to be made.  If requested, furnish survey data to substantiate quantities.
	b. Indicate applicable taxes, delivery charges, equipment rental, and amounts of trade discounts.
	c. Include costs of labor and supervision directly attributable to the change.
	d. Include an updated Contractor's construction schedule that indicates the effect of the change, including, but not limited to, changes in activity duration, start and finish times, and activity relationship.  Use available total float before request...


	B. Contractor-Initiated Proposals:  If latent or changed conditions require modifications to the Contract, Contractor may initiate a claim by submitting a request for a change to Engineer.
	1. Submit proposed change request within fifteen (15) days after becoming aware of unforeseen conditions.
	2. Include statement outlining reasons for the change and effect of the change on the Work.  Provide complete description of the proposed change.  Indicate effect of proposed change on the Contract Sum and the Contract Time.
	3. Include list of quantities of products required or eliminated and unit costs, with total amount of purchases and credits to be made.  If requested, furnish survey data to substantiate quantities.
	4. Indicate applicable taxes, delivery charges, equipment rental, and amounts of trade discounts.
	5. Include costs of labor and supervision directly attributable to the change.
	6. Include updated Contractor's construction schedule that indicates effect of the change, including changes in activity duration, start and finish times, and activity relationship.  Use available total float before requesting an extension of the Cont...
	7. Comply with requirements in Section 01 2513, Product Substitution Procedures, if proposed change requires Substitutions of products or systems from those specified.
	8. Proposal Request Form:  Contractor may use AIA Document G709 for Proposal Requests or other Owner approved document.


	1.4 CHANGE ORDER PROCEDURES
	A. On Owner's approval of a Construction Changes Proposal Request, Engineer will issue a Change Order for signatures of Owner and Contractor.

	1.5 CONSTRUCTION CHANGE DIRECTIVE
	A. Construction Change Directive:  Engineer may issue a Construction Change Directive which instructs Contractor to proceed with a change in the Work, for subsequent inclusion in a Change Order.
	1. Work Change Directive contains a complete description of change in the Work.  It also designates method to be followed to determine change in the Contract Sum or the Contract Time.

	B. Documentation:  Maintain detailed records on a time and material basis of work required by the Work Change Directive.
	1. After completion of change, submit an itemized account and supporting data necessary to substantiate cost and time adjustments to the Contract.
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	01 3113 Project Coordination
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	01 3119 Project Meetings
	PART 1 -  GENERAL
	1.1 Related Documents
	A. Drawings, Technical Specifications and Division 1, General Provisions of the Contract Documents apply to this Section.

	1.2 Summary
	A. This Section specifies administrative and procedural requirements for project meetings including but not limited to:
	1. Coordination Meetings
	2. Progress Meetings
	3. The Contractor shall be responsible to provide meeting facility and maintain meeting space for the duration of the contract.


	1.3 Coordination Meetings
	A. Conduct Project coordination meetings at regularly scheduled times convenient for all parties involved.  Project coordination meetings are in addition to specific meetings held for other purposes, such as regular progress meetings and special pre i...
	B. Request representation at each meeting by every party currently involved in coordination or planning for the construction activities involved.
	C. Record meeting results and distribute copies to everyone in attendance and to others affected by decisions or actions resulting from each meeting.

	1.4 Progress Meeting
	A. Conduct progress meetings at the Project site at regularly scheduled intervals.  Notify the Engineer of scheduled meeting dates. Coordinate dates of meetings with preparation of the payment request.
	1. Agenda: Review and correct or approve minutes of the previous progress meeting. Review other items of significance that could affect progress. Include topics for discussion as appropriate to the current status of the Project.
	2. Contractor’s Construction Schedule: Review progress since the last meeting. Determine where each activity is in relation to the Contractor’s Construction Schedule, whether on time or ahead or behind schedule. Determine how construction behind sched...
	3. Review the present and future needs of each entity present, including such items as:
	a. Interface requirements
	b. Time
	c. Sequences
	d. Deliveries
	e. Off-site fabrication problems
	f. Access
	g. Site utilization
	h. Temporary facilities and services
	i. Hours of work
	j. Hazards and risks
	k. Housekeeping
	l. Quality and work standards
	m. Change orders
	n. Documentation


	B. Reporting: After each progress meeting date, the Engineer will distribute copies of minutes of the meeting to each party present and to other parties who should have been present.  Include a brief summary, in narrative form, of progress since the p...
	1. Schedule Updating: Revise the construction schedule after each progress meeting where revisions to the schedule have been made or recognized.  Issue the revised schedule concurrently with the report of each meeting.
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	01 5713 Temporary Erosion & Sediment Control
	PART 1 -  GENERAL
	1.1 SUMMARY
	A. Section Includes:
	1. Erosion prevention and sediment control measures for all excavation and other construction activities within the limits of the work areas defined on the drawings, any temporary or permanent easements, and within any borrow or spoil areas used durin...
	2. Refer to Division 2 – Technical Specifications for additional information with regard to Temporary Erosion and Sediment Control.


	1.2 QUALITY ASSURANCE
	A. All erosion prevention and sediment control work shall comply with applicable requirements of governing authorities having jurisdiction and of the Connecticut Department of Energy and Environmental Protection General Permit for Stormwater Discharge...
	B. Erosion prevention and sediment control measures shall be provided prior to commencement of construction and diligently maintained for the entire duration of construction.  On-site and off-site areas which are especially vulnerable to damage from e...
	C. All land-disturbing activities shall be planned and conducted to minimize the area and time of exposure and to prevent discharge of sediment laden water from the site.
	D. Surface water runoff originating upgrade of exposed areas shall be diverted to reduce erosion and sediment loss during the period of exposure.
	E. The Contractor is responsible for removal of sediment from all erosion prevention and sediment control structures, barriers and ponds when capacity of the feature is reduced by one-half or as set forth in the SWPPP and/or by authorities having juri...
	F. The Contractor is required to perform inspections and document conditions of erosion prevention and sediment control measures.  Frequency of inspection shall be as set forth in the SWPPP and/or by authorities having jurisdiction. Maintenance shall ...
	G. Contractor shall periodically inspect earthwork areas to look for evidence of erosion. If evidence is found, corrective measures are to be implemented immediately to control erosion and sedimentation.
	H. When the increase in the peak rates and velocity of storm water runoff resulting from a land-disturbing activity is sufficient to cause accelerated erosion of the receiving stream, provide measures to control both the velocity and rate of release s...


	PART 2 -  PRODUCTS
	2.1 MATERIALS
	A. Silt fence shall be "Envirofence" preassembled silt fence by Mirafi, Inc., or equivalent.  Tensile Strength (Lbs. Minimum) warp 120, fill 100 per ASTM D-4632; Elongation (% Maximum) 40, per ASTM D-4632; Apparent Opening Size #30 per ASTM D-4751; Fl...
	B. Gravel Filled Bags: Bags shall be of like material to silt fence.  Gravel shall be clean #57 or #67 crushed stone.  Filled bags shall be at least 2 feet long, 1’-6” wide and 6 inches thick.
	C. Crushed stone for stabilized construction entrance/exit shall be clean and 2 to 3.5 inches in diameter.  Filter fabric for stabilized construction entrance/exit shall be Mirafi 135N or equivalent.
	D. Rock for check dam structures shall be clean, small rip rap (2 to 15 inches in diameter).
	E. Straw bales: Bales shall be either wire bound or string tied and placed with bindings orientated around sides rather than top and bottom.
	F. Temporary Vegetation: Seed mixtures including rye, annual ryegrass, wheat, oats, barley, Sudan grass, wheat, oats, Fescue, Lespedeza, millet, and/or Bermudagrass that provide quick protection shall be used to temporarily stabilize disturbed areas t...
	G. Temporary mulches shall consist of straw or hay, composted materials, wood chips or cellulose fiber, asphalt, and/or rolled erosion control products.
	H. Erosion Control Blanket/Matting:  Blanket and matting materials shall be non-toxic to vegetation.  Netting shall be photodegradable and intertwined with mulch/fiber material.  Mulch and fiber material shall consist of straw, excelsior (curled wood)...


	PART 3 -  EXECUTION
	3.1 PROTECTION
	A. Conduct construction so as to provide the site with maximum protection from erosion at all times.
	B. Conduct excavation activities to provide erosion and sediment control as follows:
	1. Clearing and excavation shall not commence until such work is approved and permitted by local authorities having jurisdiction. Refer to the SWPPP and coordinate with authorities having jurisdiction for permitting requirements.
	2. Stockpile excavated material so as not to block any drainage area.  Replace this excavated material in the trench immediately after repairs or installations have been completed and are approved by the Engineer or local authority.
	3. Retain natural vegetation whenever feasible.
	4. Stabilize exposed areas as quickly as possible by means of seeding and mulching.  Use diversion ditches, or other methods, to prevent storm water from running over the exposed area until seeding is established as specified.
	5. Take particular care along streams and drainage ditches so that fallen trees, debris, and excavated material will not adversely affect the streamflow.  Exercise care to minimize disturbance of streambanks.  Wherever the streambanks are affected by ...
	6. Retard the velocity of runoff water by use of barriers, traps and basins.
	7. Trap the sediment contained in runoff water.
	8. Take care during the hauling of materials, etc., to keep vehicles from creating a severe erosion problem.
	9. Control dust by application of water or other means, as necessary.
	10. Stabilize roadways and driveways as soon as feasible.
	11. Divert water from erosive areas.

	C. Regrade and stabilize surfaces eroded or otherwise damaged during any and all construction operations.

	3.2 SILT FENCING
	A. Silt fencing shall be placed on proposed line, parallel to contours, and within an excavated trench of minimum 6 inch depth and width. Excavated soil shall be backfilled against the uphill side of the barrier.  The bottom edge of silt fence must be...
	B. Silt fencing shall be purchased in continuous rolls and cut to length of the barrier.  When joints are unavoidable, filter material shall be spliced together only at support posts and overlapped a minimum of 6 inches.
	C.  Install the silt fence in accordance with the manufacturer's recommendations and the details shown on the plans.

	3.3 STABILIZED CONSTRUCTION ENTRANCE / EXIT
	A. Length: As effective, but not less than 50 feet.
	B. Thickness: Not less than 8 inches.  A layer of medium grade filter fabric shall be placed on the subgrade before placement of stone.
	C. Width:  The full width of all points of ingress and egress, but not less than 20 feet.
	D. Radii:  Radii shall be appropriate for type of traffic, but not less than 20 feet.
	E. Washing: When necessary, vehicles shall be cleaned of sediment prior to exiting the site onto public right-of-way.  When washing is required, it shall be done in an area stabilized with crushed stone and draining into an approved sediment trap or b...
	F. Maintenance: The entrance shall be maintained in a condition, which prevents transport of sediment off of the site or onto public rights-of-way.  This may require periodic top dressing with additional stone and maintenance of measures used to trap ...

	3.4 ROCK CHECK DAMS
	A. Provide rock check dams in locations shown on the plans.  Maximum spacing shall be such that the toe of the upstream dam is at the same elevation as the top of the downstream dam.
	B. The center of each check dam should be at least 9 inches lower than its outer edges.  Height of the dam shall not exceed 2 feet at its centerline.

	3.5 STRAW BALE BARRIERS
	A. Bales shall be installed in a trench excavated to the width of the bale, the length of the proposed barrier, and to a minimum depth of 4 inches.
	B. Excavated soil shall be backfilled against the uphill side of the barrier.  Backfill shall conform to ground level on the downhill side and shall be built up to 4 inches on the uphill side.  Loose straw shall then be scattered over the area immedia...
	C. Bales shall be placed in a single row, lengthwise on proposed line, with ends of adjacent bales tightly abutting one another, such that no gaps are evident.  In swales and ditches the barrier shall extend up each side slope such that the bottoms of...
	D. Bales shall be anchored with at least two stakes or rebars through each bale and a minimum of 8 inches into the ground.  Provide safety caps if rebar is used to anchor straw bales.

	3.6 TEMPORARY VEGETATIVE COVER
	A. Soil shall be tested to determined nutrient levels.  If soil does not contain sufficient nutrient levels, work 12-12-12 analysis fertilizer 2 to 4 inches deep into soil at a rate of 400-600 pounds per acre.
	B. Seed shall be certified by the local State Department of Transportation or Soil Conservation office.
	C. To promote temporary vegetation establishment; provide lime, fertilizer (as determined by soil testing) and above-ground irrigation as necessary.
	D. Provide mulch consisting of straw or hay, composted materials, wood chips or cellulose fiber, asphalt, or erosion control blanket to cover a minimum of 75% of the area receiving temporary vegetative cover.
	E. Temporary vegetation shall be made non-viable, with herbicide or other means, prior to seeding and planting of permanent species.

	3.7 EROSION CONTROL BLANKET/MATTING
	A. Seed and fertilizer (if required) shall be applied before installation of a blanket or mat.
	B. Follow manufacturer’s directions for orienting, overlapping, entrenching and securing blankets and mats.  Generally orient blanket and mat rolls vertically along a slope, from top to bottom.  Horizontal orientation is allowable only for slopes with...
	C. Always entrench the blanket or mat a minimum of 6 inches at any joint, any structure, and at the top and bottom of a slope.

	3.8 INLET PROTECTION
	A. Excavation around the drop inlet (non-paved areas) shall be performed to accommodate the barrier type implemented (e.g. silt fence, straw bales, gravel filled bags).  Backfilled material shall be placed on the upstream side of the barrier.  An alte...

	3.9 DUST CONTROL


	01 5719 Temporary Environmental Controls
	PART 1 -  GENERAL
	1.1 SUMMARY
	A. Section Includes:
	1. This section describes environmental practices for construction work in work areas defined on the drawings.
	2. The Contractor shall furnish, install and maintain environmental controls as needed for construction.
	3. The Contractor shall remove temporary controls at completion of work as applicable.


	1.2 SUBMITTALS
	A. Where hazardous materials or products are stored in quantities of 42 gallons or more, submit a Spill Response Plan that includes a map indicating storage site locations.
	B. If total petroleum product storage, including fuels and oil (e.g. drummed lubricants), exceeds 1,320 gallons, obtain special approval from the Owner and submit a Spill Prevention Control and Countermeasures (SPCC) plan in accordance with federal re...
	C. Submit monthly written report that provides:
	1. A complete inventory of all hazardous waste generation that month;
	2. The current inventory of Contractor-generated hazardous waste stored on the Owner’s property; and
	3. The date(s) that waste was placed into onsite storage.


	1.3 EMERGENCY CONTACT AND NOTIFICATION INFORMATION
	A. Provide a notification sign with Contractor’s appropriate emergency contact information, and including the Owner’s emergency dispatch number, in the following locations:
	1. Areas where fuel, hazardous waste, or hazardous liquid products are dispensed or stored.
	2. Areas where more than 42 gallons of hazardous materials are stored.
	3. On-board mobile motor fueling equipment. (If the mobile fueling equipment leaves the Owner’s property, the Owner’s emergency dispatch notification sign shall be removed prior to leaving.)
	4. Tank farms on the Owner’s property.
	5. Asphalt or concrete plants on the Owner’s property.


	1.4  CONSTRUCTION SITE CLEANING
	1.5 RELEASE OF CONTAMINANTS
	A. Protect against the entry of petroleum products and other contaminants into a waterway (including river, stream, slough, wetland, etc.), other drainage system (including stormwater collection systems) or overland to any drainage ditch or swale.
	B. Contractor is responsible for pollution control associated with the Work of Contract, the actions and operations of the Contractor, and the workers employed or contracted to Contractor.   Provide equipment and personnel to perform emergency measure...
	C. Take special measurers to prevent harmful substances from entering public waters.  Prevent disposal of wastes, effluents, chemicals or other such substances adjacent to basins, or in sanitary or storm sewers.
	D. Provide systems for control of atmospheric pollutants. Prevent toxic concentrations of chemicals.  Prevent harmful disposal of pollutants into atmosphere.
	E.  In the event of a spill outside a containment area:
	1. Notify the Owner immediately if a spill occurs or if contamination is discovered which indicates a release of petroleum products or other contaminants to the environment.
	2. Immediately contain and remove the spilled material.
	3. If contaminants enter a waterway, immediately begin containment and cleanup.

	F. Notify the appropriate regulatory agencies and provide written follow-up. Submit to the Owner copies of all reports, written follow-ups, documentations, and agencies responses.
	G. All cleanup costs, reporting requirements, fines, and fees shall be the sole responsibility of the Contractor.

	1.6 SPILL KITS
	A. A clearly labeled spill kit shall be located within 50 feet of the following:
	1. Fueling areas.
	2. Liquid products storage and dispensing areas.
	3. Hazardous materials storage areas.
	4. Vehicle and equipment maintenance areas.
	5. Tank farm areas on the Owner’s property.
	6. Asphalt or concrete plant areas on the Owner’s property.
	7. Any surface water if work is being performed in the vicinity.

	B. Spill kits shall contain an ample supply of oil-absorbent ground booms, socks, pads, bagged sorbents, flat-blade shovels, salvage drums suitable for collection of spilled materials and absorbents, provisions for preventing spilled materials from en...
	C. Provide spill kits as described above for the following types of mobile equipment:
	1. Mobile fueling, maintenance, and storage equipment.
	2. Mobile equipment service vehicles (including oilers).
	3. Mobile tanker equipment (e.g. tanker vehicles used to apply bituminous tack material) and hazardous material transport vehicles.


	1.7 HAZARDOUS MATERIAL MANAGEMENT
	A. General:
	1. Minimize the volume and number of locations where hazardous material is used and stored by the Contractor on the Owner’s property.
	2. Minimize the type and volume of material used onsite that will be regulated as hazardous waste when the material becomes spent or unfit for further use.
	3. Ensure that any hazardous material or hazardous substance for which the use, storage, or disposal is regulated under federal, state, or local requirements is handled and managed in accordance with the requirements applicable to those substances.
	4. The use of degreasing or cleaning products containing chlorinated solvents such as 1,1,1-trichloroethane, perchloroethylene, and methylene chloride is prohibited unless approved by the Owner.
	5. Immediately clean up hazardous material spilled outside any designated secondary containment system in accordance with Connecticut Department of Environmental Protection (ConnDEP), U.S. EPA, or Connecticut OSHA requirements. Clean up, as soon as po...
	6. Where hazardous materials or products are stored in quantities of 42 gallons or more, submit a spill response plan including a map indicating storage site locations.
	7. Ensure that every hazardous material container is clearly labeled with its contents or original product label. Indicate the Contractor’s name and contact number on the side of every container greater than 5 gallons in size with legible size letteri...
	8. Storage of flammable or reactive hazardous material/waste on the Owner’s property or within 50 feet of the Owner’s property line is not permitted unless stored inside a building or other portable device approved by the Fire Marshal (or airport fire...
	9. Keep an up-to-date file or notebook of Material Safety Data Sheets (MSDS) for all hazardous materials located by the Contractor on Owner’s property. Upon request, this information shall be made available to the Owner.
	10. All containers used for storing, dispensing, or accumulating hazardous materials shall be placed inside a structure or under cover whenever possible. All containers not inside a structure shall be equipped with secondary containment.
	11. Do not locate fuel and hazardous substances storage and dispensing areas where runoff flows from nearby roof drains.
	12. Store volatile wastes in covered metal containers.
	13. Remove containers from premises daily.
	14. Prevent accumulation of wastes, which create hazardous conditions.
	15. Provide adequate ventilation during use of volatile or noxious substances.

	B. Onsite Storage of Petroleum Products
	1. Do not install or use underground storage tanks (USTs) on the Owner’s property.
	2. Storage racks and vehicles shall be equipped with drip collection devices and enclosures.
	3. Provide an emergency dispenser shut-off switch. Switch shall be located at least 15 feet from tanks or the minimum distance approved by the Fire Marshal (or airport fire department within the airport security fence), whichever is greater.
	4. Use bollards or other vehicle restraint devices (e.g., Jersey barriers) to prevent vehicles from damaging tanks and containment area.
	5. Tanks, containment areas, and dispensing pads shall be under cover or under a temporary shelter to minimize contact with, or accumulation of, precipitation, unless otherwise approved by the Owner.

	C. Large Containers (20 Gallons or More):
	1. Store containers of hazardous liquids on an impervious surface (i.e., concrete, asphalt, or field-erected system [heavy plastic ground sheeting] capable of withstanding normal wear and tear from construction equipment and other traffic throughout t...
	2. For containers of liquids that are not, or cannot, be stored inside a structure, equip the storage area with some form of secondary containment. Acceptable secondary containment devices may include, but are not limited to:
	a. Field constructed secondary containment area such as a perimeter berm with impervious interior surface; or
	b. Movable pallet systems with integrated secondary containment and covers (these systems are available in one, two, and four drum capacities).

	3. Secondary containment systems shall have sufficient capacity to contain 10 percent of the total volume of hazardous material containers stored, or 110 percent of the volume of the largest container, whichever volume is greater.
	4. Dispense from liquid-filled containers using a manually operated pump. Do not dispense from gravity feed spigots. Containers shall be used in an upright vertical position.

	D. Small Containers (Less Than 20 Gallons):
	1. Store containers of flammable liquids in National Fire Protection Association (NFPA) Code 30 approved safety cabinets, or equal.
	2. Store containers of non-flammable liquids in cabinets or other devices equipped with secondary containment.

	E. Empty Containers:
	1. A container is deemed empty when all possible material has been removed using normal practices (e.g. pouring, pumping, aspirating, etc.) and no more than 1 inch of residue remains on the bottom of the container or inner liner.
	2. Transferring of the liquid heel at the bottom of containers into other containers shall be done only in areas equipped with secondary containment.
	3. Do not store empty containers upside down, although they may be stored in a horizontal position if the bungs/lids are securely fastened.
	4. Do not rinse empty containers on the work site.
	5. Manage empty or unwanted containers as solid waste in accordance with the requirements of this section.
	6. Do not offer empty containers to employees or the public on the Owner’s property.


	1.8 HAZARDOUS WASTE MANAGEMENT
	A. General:
	1. Obtain the necessary generator identification numbers from the RIDEM. Perform required characterization tests to determine if waste material produced is regulated as hazardous waste. Manage, transport, and dispose or recycle such waste in accordanc...
	2. In addition to that required by federal or state regulations, the storage of containers containing hazardous waste shall be in accordance with the requirements described elsewhere in this section.
	3. Disposal of hazardous waste down any floor drain, sink, storm drain inlet, onto the ground, or into any water conveyance is strictly prohibited by state and federal law.
	4. Submit a monthly written report to the Owner that provides:
	a. A complete inventory of all hazardous waste generated that month;
	b. The current inventory of Contractor-generated hazardous waste stored on the Owner’s property; and
	c. The date(s) the waste was placed into onsite storage.

	5. Keep all required hazardous waste documentation, including, but not limited to, testing records, inspection logs, manifests, and contingency plans onsite during the course of the work. Upon request, the Contractor shall make this information availa...
	6. Loading and transportation of hazardous waste from the Owner’s property shall be in accordance with the requirements described elsewhere in this section.


	1.9 WASHDOWNS
	A. The washdown or hosing of hazardous material storage areas, refueling areas, or tank farm and containment areas is prohibited unless the Contractor provides for the collection and disposal of the washdown liquids.
	B. Limit washdown of vehicle and equipment service pads and other work areas. Limit steam cleaning and high pressure or other types of washing of vehicles and equipment. Liquids from these activities shall be collected, managed as contaminated wastewa...

	1.10 APPLICATION AND MANAGEMENT OF COATING SYSTEMS
	A. General:
	1. Onsite storage, dispensing and management of coatings systems, paints, solvents, thinners and related products that contain hazardous materials shall be in accordance with the requirements of this section.
	2. Unless otherwise specified by the Owner, make all reasonable attempts to use low volatile organic compound (VOC) content coating systems in the course of the work.
	3. Minimize the use of aerosol spray products containing VOCs or VOC propellants.
	4. Do not dispose of aerosol spray product containers as general solid waste unless the can has been depressurized and all liquid contents drained into a waste container outfitted with a device specifically designed to puncture aerosol cans.  The wast...
	5. Take all reasonable steps to minimize public exposure to VOCs and nuisance odors.
	6. Waste generated from painting operations such as scrap and solvents may be regulated as hazardous waste.  Manage these materials in accordance with the requirements of this section.
	7. If a spray booth is used at the work site for the application of coating systems, ensure that the spray booth is properly services, maintained and operated in accordance with local, state and federal worker safety and environmental regulations, inc...
	8. Containers with small amounts of residual paint or solvent, unapproved paints, bad batches, or dirty cleaning solvents shall not be allowed to evaporate in open air.  All liquids shall be poured, pumped, aspirated or otherwise placed into a waste c...
	9. The mixing and dispensing of all coating systems and paints for use, as well as  the cleaning of coating system and painting equipment, shall be conducted over an impervious surface at least 50 feet from the nearest storm drain inlet, drainage ditc...
	10. Other conditions:  If sandblasting operations are performed, take all reasonable precautions to prevent particulate matter from becoming airborne. Reasonable precautions include, but are not limited to, providing temporary enclosed shelters for sa...
	11. Disposal of any latex paint or washwater down any drain, onto the ground, or into any stormwater conveyance system is prohibited.
	12. Manage empty containers in accordance with the requirements of this section.

	B. Coating Systems, Paints, and Solvents Containing VOCs:
	1. Take all reasonable precautions to minimize VOC emissions to the environment during the storage and use of these products, including, but not limited to:
	a. Keeping all product waste containers tightly closed, except when dispensing or filling the container.
	b. Using airless sprayers to the maximum extent practicable.
	c. Assuring that the spray nozzles are appropriately sized for the application.
	d. Minimizing the use of thinners to the amount recommended by the manufacturer for the specific application.
	e. Minimizing the volume of coating systems and paint that is premixed for use, but may not be immediately applied.
	f. Not spraying cleaning solvents through spray equipment to clean buckets, lines, guns, and nozzles into the open air. Spray cleaning solvents into a container to capture and reuse as much cleaning solvent as possible.


	C. Latex Paints:
	1. Take all reasonable precautions to prevent latex paint emissions to the environment during the storage and use of these products, including but not limited to:
	2. Keeping product and waste containers tightly closed, except when dispensing or filling the container.
	3. Minimizing the use of solvents, water and detergents for the cleanup of latex painting equipment.
	4. Not spraying cleaning solvents or water through spray equipment to clean buckets, lines, guns, and nozzles into the open air. Spray cleaning solvents or water into a container to capture and reuse as much cleaning solvent as possible.


	1.11 EQUIPMENT FUELING AND MAINTENANCE
	A. Ultra Low Sulfur Diesel (ULSD) Fuel:
	1. All diesel-powered off-road vehicles and equipment used on the project site for three consecutive days or more shall be fueled with ultra low sulfur diesel. This includes vehicles with engine horsepower ratings of 50 HP and above, and internal comb...
	2. The ULSD fuel shall contain no more than 15 parts per million sulfur.
	3. Submit copies of diesel fuel delivery slips and fuel receipts each month.
	4. If sufficient quantities of ULSD are not available, or if the price of ULSD is at least 3 percent greater than diesel fuel with a sulfur content in excess of 15 parts per million, the Owner may allow the use of higher sulfur fuel. Such exceptions w...

	B. Fueling Operations:
	1. Do not top off vehicle tanks when fueling on the Owner’s property.
	2. Where practicable, fuel and liquid product dispensing shall be done over an impervious surface such as a concrete pad or field-constructed temporary pad (e.g. an aggregate pad with membrane bottom and side liner), at least 50 feet from the nearest ...

	C. Equipment and Vehicle Maintenance Operations:
	1. Comply with requirements specified elsewhere in this section regarding onsite storage and use of hazardous material and management of hazardous or solid waste produced during the course of the work.
	2. Perform daily equipment checks for leaking oil and fluids. Visible spills shall be immediately cleaned up.
	3. Equipment with leaking oil or fluids shall be repaired prior to being operated on the Owner’s property.
	4. To the extent practicable, park vehicles and equipment indoors, under a roof, or on an impervious surface to prevent stormwater contact in the area.
	5. If a vehicle or equipment is known to be leaking oil or other fluids, and service cannot be completed that day, install a drip pan or absorbent materials to contain the leak until service and repair is completed.

	D. Equipment Maintenance Areas:
	1. To the extent practicable, vehicle and equipment servicing shall be done indoors or under cover.
	2. Perform vehicle and equipment maintenance over an impervious floor or pad (concrete, chemical-resistant coated asphalt, or other field-erected system). Ensure that contaminated liquids including, but not limited to, contaminated stormwater are not ...
	3. For equipment that cannot practicably be moved to an equipment service area, take all reasonable precautions to prevent chemical spills onto the ground or into water. Use protective ground sheeting or absorbent materials beneath and around equipmen...
	4. Contaminated stormwater from vehicle and equipment maintenance areas shall not be allowed to discharge into the stormwater collection system, discharge onto the ground, or run overland to any drainage ditch or swale.
	5. Solvent or caustic parts washing stations shall not be used outdoors, unless the area is covered and equipped with appropriate secondary containment as described elsewhere in this section.

	E. Mobile Equipment Service Vehicles (Including Oilers):
	1. Multi-purpose mobile equipment maintenance vehicles (oilers) that are equipped with multiple tanks or containers of lubricants, fuels, hydraulic fluids, greases, chemicals, etc., may be used on the Owner’s property under the following conditions:
	a. The vehicle is equipped with a spill kit.
	b. The vehicle is equipped with a sufficient supply of containers for the collection of fluids that may be removed from the equipment being serviced (e.g. used oil, waste antifreeze, chemicals, etc.).

	2. If equipment service is performed within 50 feet of a storm drain inlet, drainage ditch, surface water, or wetland, the Contractor shall install a flexible storm drain cover over the storm drain inlet or place oil absorbent booms or socks around th...
	3. Mobile tanker, mobile fueling, or equipment service personnel shall be appropriately trained in spill response techniques. At least one spill response-trained person shall be present at all times where fueling, fuel staging, or fuel transfers are m...
	4. Mobile motor fueling equipment shall be equipped with an emergency dispenser shutoff switch located in the cab or on the opposite side of the vehicle or trailer from the pump(s).
	5. Overnight/weekend parking of mobile equipment service vehicles shall not occur within 50 feet of the nearest storm drain inlet, drainage ditch, surface water, or wetland area unless the storm drain inlet, ditch, and all drainage conveyances leading...

	F. Storage and Handling of Waste Oil, Fluids, and Filters:
	1. The Contractor shall determine whether or not waste oil, fluids, filters, and other materials generated from onsite maintenance activities are regulated as hazardous waste under state and federal regulations.
	2. Regardless of the regulatory status of waste oil, fluids, filters, and other material, if the waste material is accumulated and stored on the Owner’s property, the Contractor shall provide proper storage.
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	01 7823 Operation and Maintenance Data
	PART 1 -  GENERAL
	1.1 SUMMARY
	A. Section includes administrative and procedural requirements for preparing operation and maintenance manuals, including the following:
	1. Operation and maintenance documentation directory.
	2. Emergency manuals.
	3. Operation manuals for systems, subsystems, and equipment.
	4. Product maintenance manuals.
	5. Systems and equipment maintenance manuals.

	B. Related Requirements:
	1. Division 1, Section "Operation and Maintenance Data" for submitting copies of submittals for operation and maintenance manuals.
	2. Division 2, Technical Specifications for specific operation and maintenance manual requirements for the Work in those individual Sections.


	1.2 DEFINITIONS
	A. System:  An organized collection of parts, equipment, or subsystems united by regular interaction.
	B. Subsystem:  A portion of a system with characteristics similar to a system.

	1.3 CLOSEOUT SUBMITTALS
	A. Manual Content:  Operations and maintenance manual content is specified in individual Specification Sections to be reviewed at the time of Section submittals.  Submit reviewed manual content formatted and organized as required by this Section.
	1. Engineer will comment on whether content of operations and maintenance submittals are acceptable.
	2. Where applicable, clarify and update reviewed manual content to correspond to revisions and field conditions.

	B. Format:  Submit operations and maintenance manuals in the following format:
	1. PDF electronic file.  Assemble each manual into a composite electronically indexed file.  Submit on digital media acceptable to Engineer/Architect.
	a. Name each indexed document file in composite electronic index with applicable item name.  Include a complete electronically linked operation and maintenance directory.
	b. Enable inserted reviewer comments on draft submittals.

	2. Three (3) draft paper copies.  Include a complete operation and maintenance directory.  Enclose title pages and directories in clear plastic sleeves.

	C. Initial Manual Submittal:  Submit draft copy of each manual at least thirty (30) calendar days before commencing demonstration and training.  Engineer will comment on whether general scope and content of manual are acceptable.
	D. Final Manual Submittal:  Submit each manual in final form prior to requesting inspection for Substantial Completion and at least fifteen (15) calendar days before commencing demonstration and training.  Engineer will return copy with comments.
	1. Correct or revise each manual to comply with Engineer’s comments.  Submit copies of each corrected manual within fifteen (15) calendar days of receipt of Engineer’s comments and prior to commencing demonstration and training.



	PART 2 -  PRODUCTS
	2.1 OPERATION AND MAINTENANCE DOCUMENTATION DIRECTORY
	A. Directory:  Prepare a single, comprehensive directory of emergency, operation, and maintenance data and materials, listing items and their location to facilitate ready access to desired information.  Include a section in the directory for each of t...
	1. List of documents.
	2. List of systems.
	3. List of equipment.
	4. Table of contents.

	B. List of Systems and Subsystems:  List systems alphabetically.  Include references to operation and maintenance manuals that contain information about each system.
	C. List of Equipment:  List equipment for each system, organized alphabetically by system.  For pieces of equipment not part of system, list alphabetically in separate list.
	D. Tables of Contents:  Include a table of contents for each emergency, operation, and maintenance manual.
	E. Identification:  In the documentation directory and in each operation and maintenance manual, identify each system, subsystem, and piece of equipment with same designation used in the Contract Documents.  If no designation exists, assign a designat...

	2.2 REQUIREMENTS FOR EMERGENCY, OPERATION, AND MAINTENANCE MANUALS
	A. Organization:  Unless otherwise indicated, organize each manual into a separate section for each system and subsystem, and a separate section for each piece of equipment not part of a system.  Each manual shall contain the following materials, in t...
	1. Title page.
	2. Table of contents.
	3. Manual contents.

	B. Title Page:  Include the following information:
	1. Subject matter included in manual.
	2. Name and address of Project.
	3. Name and address of Owner.
	4. Date of submittal.
	5. Name and contact information for Contractor.
	6. Name and contact information for Construction Manager, as applicable.
	7. Name and contact information for Engineer/Architect.
	8. Name and contact information for Commissioning Authority.
	9. Names and contact information for major consultants to the Engineer/Architect that designed the systems contained in the manuals.
	10. Cross-reference to related systems in other operation and maintenance manuals.

	C. Table of Contents:  List each product included in manual, identified by product name, indexed to the content of the volume, and cross-referenced to Specification Section number in Project Manual.
	1. If operation or maintenance documentation requires more than one volume to accommodate data, include comprehensive table of contents for all volumes in each volume of the set.

	D. Manual Contents:  Organize into sets of manageable size.  Arrange contents alphabetically by system, subsystem, and equipment.  If possible, assemble instructions for subsystems, equipment, and components of one system into a single binder.
	E. Manuals, Electronic Files:  Submit manuals in the form of a multiple file composite electronic PDF file for each manual type required.
	1. Electronic Files:  Use electronic files prepared by manufacturer where available.  Where scanning of paper documents is required, configure scanned file for minimum readable file size.
	2. File Names and Bookmarks:  Enable bookmarking of individual documents based on file names.  Name document files to correspond to system, subsystem, and equipment names used in manual directory and table of contents.  Group documents for each system...

	F. Manuals, Paper Copy:  Submit manuals in the form of hard copy, bound and labeled volumes.
	1. Binders:  Heavy-duty, three-ring, vinyl-covered, loose-leaf binders, in thickness necessary to accommodate contents, sized to hold 8-1/2-by-11-inch (215-by-280-mm) paper; with clear plastic sleeve on spine to hold label describing contents and with...
	a. If two or more binders are necessary to accommodate data of a system, organize data in each binder into groupings by subsystem and related components.  Cross-reference other binders if necessary to provide essential information for proper operation...
	b. Identify each binder on front and spine, with printed title "OPERATION AND MAINTENANCE MANUAL," Project title or name, and subject matter of contents, and indicate Specification Section number on bottom of spine.  Indicate volume number for multipl...

	2. Dividers:  Heavy-paper dividers with plastic-covered tabs for each section of the manual.  Mark each tab to indicate contents.  Include typed list of products and major components of equipment included in the section on each divider, cross-referenc...
	3. Protective Plastic Sleeves:  Transparent plastic sleeves designed to enclose diagnostic software storage media for computerized electronic equipment.
	4. Supplementary Text:  Prepared on 8-1/2-by-11-inch (215-by-280-mm) white bond paper.
	5. Drawings:  Attach reinforced, punched binder tabs on drawings and bind with text.
	a. If oversize drawings are necessary, fold drawings to same size as text pages and use as foldouts.
	b. If drawings are too large to be used as foldouts, fold and place drawings in labeled envelopes and bind envelopes in rear of manual.  At appropriate locations in manual, insert typewritten pages indicating drawing titles, descriptions of contents, ...



	2.3 EMERGENCY MANUALS
	A. Content:  Organize manual into a separate section for each of the following:
	1. Type of emergency.
	2. Emergency instructions.
	3. Emergency procedures.

	B. Type of Emergency:  Where applicable for each type of emergency indicated below, include instructions and procedures for each system, subsystem, piece of equipment, and component:
	1. Fire.
	2. Flood.
	3. Gas leak.
	4. Water leak.
	5. Power failure.
	6. Water outage.
	7. System, subsystem, or equipment failure.
	8. Chemical release or spill.

	C. Emergency Instructions:  Describe and explain warnings, trouble indications, error messages, and similar codes and signals.  Include responsibilities of Owner's operating personnel for notification of Installer, supplier, and manufacturer to mainta...
	D. Emergency Procedures:  Include the following, as applicable:
	1. Instructions on stopping.
	2. Shutdown instructions for each type of emergency.
	3. Operating instructions for conditions outside normal operating limits.
	4. Required sequences for electric or electronic systems.
	5. Special operating instructions and procedures.


	2.4 OPERATION MANUALS
	A. Content:  In addition to requirements in this Section, include operation data required in individual Specification Sections and the following information:
	1. System, subsystem, and equipment descriptions.  Use designations for systems and equipment indicated on Contract Documents.
	2. Performance and design criteria if Contractor has delegated design responsibility.
	3. Operating standards.
	4. Operating procedures.
	5. Operating logs.
	6. Wiring diagrams.
	7. Control diagrams.
	8. Piped system diagrams.
	9. Precautions against improper use.
	10. License requirements including inspection and renewal dates.

	B. Descriptions:  Include the following:
	1. Product name and model number.  Use designations for products indicated on Contract Documents.
	2. Manufacturer's name.
	3. Equipment identification with serial number of each component.
	4. Equipment function.
	5. Operating characteristics.
	6. Limiting conditions.
	7. Performance curves.
	8. Engineering data and tests.
	9. Complete nomenclature and number of replacement parts.

	C. Operating Procedures:  Include the following, as applicable:
	1. Startup procedures.
	2. Equipment or system break-in procedures.
	3. Routine and normal operating instructions.
	4. Regulation and control procedures.
	5. Instructions on stopping.
	6. Normal shutdown instructions.
	7. Seasonal and weekend operating instructions.
	8. Required sequences for electric or electronic systems.
	9. Special operating instructions and procedures.

	D. Systems and Equipment Controls:  Describe the sequence of operation, and diagram controls as installed.
	E. Piped Systems:  Diagram piping as installed, and identify color-coding where required for identification.

	2.5 PRODUCT MAINTENANCE MANUALS
	A. Content:  Organize manual into a separate section for each product, material, and finish.  Include source information, product information, maintenance procedures, repair materials and sources, and warranties and bonds, as described below.
	B. Source Information:  List each product included in manual, identified by product name and arranged to match manual's table of contents.  For each product, list name, address, and telephone number of Installer or supplier and maintenance service age...
	C. Product Information:  Include the following, as applicable:
	1. Product name and model number.
	2. Manufacturer's name.
	3. Color, pattern, and texture.
	4. Material and chemical composition.
	5. Reordering information for specially manufactured products.

	D. Maintenance Procedures:  Include manufacturer's written recommendations and the following:
	1. Inspection procedures.
	2. Types of cleaning agents to be used and methods of cleaning.
	3. List of cleaning agents and methods of cleaning detrimental to product.
	4. Schedule for routine cleaning and maintenance.
	5. Repair instructions.

	E. Repair Materials and Sources:  Include lists of materials and local sources of materials and related services.
	F. Warranties and Bonds:  Include copies of warranties and bonds and lists of circumstances and conditions that would affect validity of warranties or bonds.
	1. Include procedures to follow and required notifications for warranty claims.


	2.6 SYSTEMS AND EQUIPMENT MAINTENANCE MANUALS
	A. Content:  For each system, subsystem, and piece of equipment not part of a system, include source information, manufacturers' maintenance documentation, maintenance procedures, maintenance and service schedules, spare parts list and source informat...
	B. Source Information:  List each system, subsystem, and piece of equipment included in manual, identified by product name and arranged to match manual's table of contents.  For each product, list name, address, and telephone number of Installer or su...
	C. Manufacturers' Maintenance Documentation:  Manufacturers' maintenance documentation including the following information for each component part or piece of equipment:
	1. Standard maintenance instructions and bulletins.
	2. Drawings, diagrams, and instructions required for maintenance, including disassembly and component removal, replacement, and assembly.
	3. Identification and nomenclature of parts and components.
	4. List of items recommended to be stocked as spare parts.

	D. Maintenance Procedures:  Include the following information and items that detail essential maintenance procedures:
	1. Test and inspection instructions.
	2. Troubleshooting guide.
	3. Precautions against improper maintenance.
	4. Disassembly; component removal, repair, and replacement; and reassembly instructions.
	5. Aligning, adjusting, and checking instructions.
	6. Demonstration and training video recording, if available.
	7. List of cleaning agents and methods of cleaning detrimental to equipment.

	E. Maintenance and Service Schedules:  Include service and lubrication requirements, list of required lubricants for equipment, and separate schedules for preventive and routine maintenance and service with standard time allotment.
	1. Scheduled Maintenance and Service:  Tabulate actions for daily, weekly, monthly, quarterly, semiannual, and annual frequencies.
	2. Maintenance and Service Record:  Include manufacturers' forms for recording maintenance.

	F. Spare Parts List and Source Information:  Include lists of replacement and repair parts, with parts identified and cross-referenced to manufacturers' maintenance documentation and local sources of maintenance materials and related services.
	G. Maintenance Service Contracts:  Include copies of maintenance agreements with name and telephone number of service agent.
	H. Warranties and Bonds:  Include copies of warranties and bonds and lists of circumstances and conditions that would affect validity of warranties or bonds.
	1. Include procedures to follow and required notifications for warranty claims.


	2.7 THROUGH-PENETRATION FIRESTOP SYSTEMS MANUAL
	A. Content:  Detail and description of each through-penetration Firestop System installed.


	PART 3 -   EXECUTION
	3.1 MANUAL PREPARATION
	A. Operation and Maintenance Documentation Directory:  Prepare a separate manual that provides an organized reference to emergency, operation, and maintenance manuals.
	B. Emergency Manual:  Assemble a complete set of emergency information indicating procedures for use by emergency personnel and by Owner's operating personnel for types of emergencies indicated.
	C. Product Maintenance Manual:  Assemble a complete set of maintenance data indicating care and maintenance of each product, material, and finish incorporated into the Work.
	D. Operation and Maintenance Manuals:  Assemble a complete set of operation and maintenance data indicating operation and maintenance of each system, subsystem, and piece of equipment not part of a system.
	1. Engage a factory-authorized service representative to assemble and prepare information for each system, subsystem, and piece of equipment not part of a system.
	2. Prepare a separate manual for each system and subsystem, in the form of an instructional manual for use by Owner's operating personnel.

	E. Manufacturers' Data:  Where manuals contain manufacturers' standard printed data, include only sheets pertinent to product or component installed.  Mark each sheet to identify each product or component incorporated into the Work.  If data include m...
	1. Prepare supplementary text if manufacturers' standard printed data are not available and where the information is necessary for proper operation and maintenance of equipment or systems.

	F. Drawings:  Prepare drawings supplementing manufacturers' printed data to illustrate the relationship of component parts of equipment and systems and to illustrate control sequence and flow diagrams.  Coordinate these drawings with information conta...
	1. Do not use original project record documents as part of operation and maintenance manuals.
	2. Comply with requirements of newly prepared record Drawings in Division 01 Section "Project Record Documents."

	G. Comply with Division 01 Section "Closeout Procedures" for schedule for submitting operation and maintenance documentation.
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	(i) Partially Closed Runways. Pavement markings for temporary closed portions of the runway consist of a runway threshold bar and yellow chevrons to identify pavement areas that are unsuitable for takeoff or landing (see AC 150/5340-1).
	(ii) Displaced Thresholds. Pavement markings for a displaced threshold consist of a runway threshold bar and white arrowheads with and without arrow shafts. These markings are required to identify the portion of the runway before the displaced thresho...

	(d) Taxiways.
	(i) Permanently Closed Taxiways. AC 150/5300-13 notes that it is preferable to remove the pavement, but for pavement that is to remain, place an X at the entrance to both ends of the closed section. Obliterate taxiway centerline markings, including ru...
	(ii) Temporarily Closed Taxiways. Place barricades outside the safety area of intersecting taxiways. For runway/taxiway intersections, place an X at the entrance to the closed taxiway from the runway. If the taxiway will be closed for an extended peri...

	(e) Temporarily Closed Airport. When the airport is closed temporarily, mark all the runways as closed.
	(i) If unable to paint temporary markings on the pavement, construct them from any of the following materials: fabric, colored plastic, painted sheets of plywood, or similar materials. They must be properly configured and appropriately secured to prev...
	(ii) It may be necessary to remove or cover runway markings, including but not limited to, runway designation markings, threshold markings, centerline markings, edge stripes, touchdown zone markings and aiming point markings, depending on the length o...
	(iii) If it is not possible to install threshold bars, chevrons, and arrows on the pavement, temporary outboard markings may be used. Locate them outside of the runway pavement surface on both sides of the runway. The dimension along the runway direct...
	(iv) The application rate of paint to mark a short-term temporary runway and taxiway markings may deviate from the standard (see Item P-620, ˝Runway and Taxiway Painting,˛ in AC 150/5370-10), but the dimensions must meet the existing standards.

	(f) Lighting and Visual NAVAIDs. This paragraph refers to standard runway and taxiway lighting systems. See below for hazard lighting. Lighting must be in conformance with AC 150/5340-30, Design and Installation Details for Airport Visual Aids, and AC...

	(2) Permanently Closed Runways and Taxiways.
	(3) Temporarily Closed Runways.
	(4) Partially Closed Runways and Displaced Thresholds.
	(a) Partially Closed Runways. Disconnect edge and threshold lights on that part of the runway at and behind the threshold (that is, the portion of the runway that is closed). Alternately, cover the light fixture in such a way as to prevent light leakage.
	(b) Displaced Thresholds. Edge lighting in the area of the displacement emits red light in the direction of approach and yellow light in the opposite direction. Centerline lights are blanked out in the direction of approach if the displacement is 700 ...
	(c) Temporary runway thresholds and runway ends must be lighted if the runway is lighted and it is the intended threshold for night landings or instrument meteorological conditions.
	(d) A temporary threshold on an unlighted runway may be marked by retroreflective, elevated markers in addition to markings noted in paragraph 218.b(1)(c) above. Markers seen by aircraft on approach are green. Markers at the rollout end of the runway ...
	(e) Temporary threshold lights and end lights and related visual NAVAIDs are installed outboard of the edges of the full-strength pavement only when they cannot be installed on the pavement. They are installed with bases at grade level or as low as po...
	(f) Maintain threshold and edge lighting color and spacing standards as described in AC 150/5340-30. Battery powered, solar, or portable lights that meet the criteria in AC 150/5345-50 may be used. These systems are intended primarily for visual fligh...
	(g) Reconfigure yellow lenses (caution zone), as necessary. If the runway has centerline lights, reconfigure the red lenses, as necessary, or place the centerline lights out of service.
	(h) Relocate the visual glide slope indicator (VGSI), such as VASI and PAPI; other airport lights, such as Runway End Identifier Lights (REIL); and approach lights to identify the temporary threshold. Another option is to disable the VGSI or any equip...
	(i) Issue a NOTAM to inform pilots of temporary lighting conditions.

	(5) Temporarily Closed Taxiways.

	c. Signs.

	219. Marking and Signs for Access Routes.
	220. Hazard Marking, Lighting and Signing.
	a. Hazard Marking and Lighting Prevents Pilots
	b. Equipment.
	(1) Barricades,
	(2) Lights must be red,
	(3) Supplement barricades with signs
	(4) Air Operations Area � General.
	(5) Air Operations Area � Runway/Taxiway Intersections.
	(6) Air Operations Area � Other.
	(7) Maintenance.


	221. Protection of Runway and Taxiway Safety Areas.
	a. Runway Safety Area (RSA).
	(1) No construction may occur within the existing RSA
	(2) The airport operator must coordinate
	(3) The CSPP and SPCD must provide procedures
	(4) Excavations.
	(a) Open trenches or excavations are not permitted within the RSA while the runway is open. If possible, backfill trenches before the runway is opened. If the runway must be opened before excavations are backfilled, cover the excavations appropriately...
	(b) Construction contractors must prominently mark open trenches and excavations at the construction site with red or orange flags, as approved by the airport operator, and light them with red lights during hours of restricted visibility or darkness.

	(5) Erosion Control.

	b. Runway Object Free Area (ROFA).
	c. Taxiway Safety Area (TSA).
	(1) No construction may occur
	(2) The airport operator must coordinate
	(3) The CSPP and SPCD must provide procedures
	(4) Excavations.
	(a) Open trenches or excavations are not permitted within the TSA while the taxiway is open. If possible, backfill trenches before the taxiway is opened. If the taxiway must be opened before excavations are backfilled, cover the excavations appropriat...
	(b) Construction contractors must prominently mark open trenches and excavations at the construction site with red or orange flags, as approved by the airport operator, and light them with red lights during hours of restricted visibility or darkness.

	(5) Erosion Control.

	d. Taxiway Object Free Area (TOFA).
	(1) The taxiway object free area dimensions
	(2) Offset taxiway pavement markings
	(3) Construction activity may be accomplished
	(a) Appropriate NOTAMs are issued.
	(b) Marking and lighting meeting the provisions of paragraphs 218 and 220 above are implemented.
	(c) Five-foot clearance is maintained between equipment and materials and any part of an aircraft (includes wingtip overhang). In these situations, flaggers must be used to direct construction equipment, and wing walkers will be necessary to guide air...


	e. Obstacle Free Zone (OFZ).
	f. Runway Approach/Departure Areas and Clearways.
	(1) Construction activity in a runway approach/departure area
	(2) Caution regarding partial runway closures.
	(3) Caution regarding displaced thresholds.


	222. Other Limitations on Construction.
	a. Prohibitions.
	(1) No use of tall equipment
	(2) No use of open flame welding or torches
	(3) No use of electrical blasting caps
	(4) No use of flare pots

	b. Restrictions.
	(1) Construction suspension required during specific airport operations.
	(2) Areas that cannot be worked on simultaneously.
	(3) Day or night construction restrictions.
	(4) Seasonal construction restrictions.



	Chapter 3. Guidelines for Writing a CSPP
	301. General Requirements.
	302. Applicability of Subjects.
	303. Graphical Representations.
	304. Reference Documents.
	305. Restrictions.
	306. Coordination.
	307. Phasing.
	308. Areas and Operations Affected By Construction.
	309. Navigation Aid (NAVAID) Protection.
	310. Contractor Access.
	a. Location of Stockpiled Construction Materials.
	b. Vehicle and Pedestrian Operations.
	c. Two-Way Radio Communications.
	d. Airport Security.

	311. Wildlife Management.
	312. Foreign Object Debris (FOD) Management.
	313. Hazardous Materials (HAZMAT) Management.
	314. Notification of Construction Activities.
	315. Inspection Requirements.
	316. Underground Utilities.
	317. Penalties.
	318. Special Conditions.
	319. Runway and Taxiway Visual Aids.
	320. Marking and Signs for Access Routes.
	321. Hazard Marking and Lighting.
	322. Protection of Runway and Taxiway Safety Areas.
	323. Other Limitations on Construction.



	Division 2
	CAA Division 2 divider
	02 01 00 - Heating System Flushing and Wastewater Removal
	Table 1:  BDL Permit Limits
	Permit Effluent Limits (mg/l)
	Parameters
	1  Measured in Standard Units (SU) and not in mg/l
	*  Effluent limit may be exceeded based on total POTW loading (maximum 100 lbs/day)
	**  Effluent limit may be exceeded based on total POTW loading (maximum 10 lbs/day)

	03 00 00 - Cast-In-Place Concrete
	030000 – 1.1  Related Documents
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	030000 – 1.2  Summary
	A. Section includes cast-in-place concrete, including formwork, reinforcement, concrete materials, mixture design, placement procedures, and finishes, for the following:
	1. Concrete housekeeping pads.


	030000 – 1.3  Definitions
	A. Cementitious Materials:  Portland cement alone or in combination with one or more of the following:  blended hydraulic cement, fly ash and other pozzolans, ground granulated blast-furnace slag, and silica fume; subject to compliance with requirements.

	030000 – 1.4  Submittals
	A. Product Data:  For each type of product indicated.
	B. Design Mixtures:  For each concrete mixture.  Submit alternate design mixtures when characteristics of materials, Project conditions, weather, test results, or other circumstances warrant adjustments.
	1. Indicate amounts of mixing water to be withheld for later addition at Project site.

	C. Steel Reinforcement Shop Drawings:  Placing drawings that detail fabrication, bending, and placement.  Include bar sizes, lengths, material, grade, bar schedules, stirrup spacing, bent bar diagrams, bar arrangement, splices and laps, mechanical con...
	D. Material Certificates:  For each of the following, signed by manufacturers:
	1. Cementitious materials.
	2. Admixtures.
	3. Form materials and form-release agents.
	4. Steel reinforcement and accessories.
	5. Fiber reinforcement.
	6. Curing compounds.
	7. Floor and slab treatments.
	8. Bonding agents.
	9. Adhesives.
	10. Semi-rigid joint filler.

	E. Field quality-control reports.
	F. Minutes of pre-installation conference.
	MATERIALS

	030000 – 2.1  Form-Facing Materials
	A. Smooth-Formed Finished Concrete:  Form-facing panels that will provide continuous, true, and smooth concrete surfaces.  Furnish in largest practicable sizes to minimize number of joints.
	1. Plywood, metal, or other approved panel materials.
	2. Exterior-grade plywood panels, suitable for concrete forms, complying with DOC PS 1, and as follows:
	a. High-density overlay, Class 1 or better.
	b. Medium-density overlay, Class 1 or better; mill-release agent treated and edge sealed.
	c. Structural 1, B-B or better; mill oiled and edge sealed.
	d. B-B (Concrete Form), Class 1 or better; mill oiled and edge sealed.


	B. Chamfer Strips:  Wood, metal, PVC, or rubber strips, 3/4 by 3/4 inch, minimum.
	C. Form-Release Agent:  Commercially formulated form-release agent that will not bond with, stain, or adversely affect concrete surfaces and will not impair subsequent treatments of concrete surfaces.
	1. Formulate form-release agent with rust inhibitor for steel form-facing materials.


	030000 – 2.2  Steel Reinforcement
	A. Reinforcing Bars:  ASTM A 615/A 615M, Grade 60 (Grade 420), deformed.
	B. Plain-Steel Welded Wire Reinforcement:  ASTM A 185/A 185M, plain, fabricated from as-drawn steel wire into flat sheets.

	030000 – 2.3  Reinforcement Accessories
	A. Joint Dowel Bars:  ASTM A 615/A 615M, Grade 60 (Grade 420), plain-steel bars, cut true to length with ends square and free of burrs.
	B. Bar Supports:  Bolsters, chairs, spacers, and other devices for spacing, supporting, and fastening reinforcing bars and welded wire reinforcement in place.  Manufacture bar supports from steel wire, plastic, or precast concrete according to CRSI's ...

	030000 – 2.4  Concrete Materials
	A. Cementitious Material:  Use the following cementitious materials, of the same type, brand, and source, throughout Project:
	1. Portland Cement:  ASTM C 150, Type I/II, gray.

	B. Normal-Weight Aggregates:  ASTM C 33, Class 1N coarse aggregate or better, graded.  Provide aggregates from a single source.
	1. Maximum Coarse-Aggregate Size:  3/4 inch nominal.
	2. Fine Aggregate:  Free of materials with deleterious reactivity to alkali in cement.

	C. Water:  ASTM C 94/C 94M and potable.

	030000 – 2.5  Admixtures
	A. Air-Entraining Admixture:  ASTM C 260.
	B. Chemical Admixtures:  Provide admixtures certified by manufacturer to be compatible with other admixtures and that will not contribute water-soluble chloride ions exceeding those permitted in hardened concrete.  Do not use calcium chloride or admix...
	1. Water-Reducing Admixture:  ASTM C 494/C 494M, Type A.
	2. Water-Reducing and Retarding Admixture:  ASTM C 494/C 494M, Type D.
	3. High-Range, Water-Reducing Admixture:  ASTM C 494/C 494M, Type F.
	4. Plasticizing and Retarding Admixture:  ASTM C 1017/C 1017M, Type II.


	030000 – 2.6  Fiber Reinforcement
	A. Synthetic Micro-Fiber:  Monofilament polypropylene micro-fibers engineered and designed for use in concrete, complying with ASTM C 1116/C 1116M, Type III, 1/2 to 1-1/2 inches long.
	1. Products:  Subject to compliance with requirements, available products that may be incorporated into the Work include, but are not limited to, the following:
	a. Monofilament Micro-Fibers:
	1) FORTA Corporation; FORTA Econo-Mono.
	2) Grace Construction Products, W. R. Grace & Co.; Grace MicroFiber.
	3) Metalcrete Industries; Polystrand 1000.
	4) Sika Corporation; Sika Fiber PPM.




	030000 – 2.7  Floor and Slab Treatments
	A. Unpigmented Mineral Dry-Shake Floor Hardener:  Factory-packaged dry combination of portland cement, graded quartz aggregate, and plasticizing admixture.

	030000 – 2.8  Curing Materials
	A. Moisture-Retaining Cover:  ASTM C 171, polyethylene film or white burlap-polyethylene sheet.
	B. Water:  Potable.
	C. Clear, Waterborne, Membrane-Forming Curing Compound:  ASTM C 309, Type 1, Class B, dissipating.

	030000 – 2.9  Related Materials
	A. Expansion- and Isolation-Joint-Filler Strips:  ASTM D 1752, cork or self-expanding cork.
	B. Bonding Agent:  ASTM C 1059/C 1059M, Type II, non-redispersible, acrylic emulsion or styrene butadiene.

	030000 – 2.10  Concrete Mixtures, General
	A. Prepare design mixtures for each type and strength of concrete, proportioned on the basis of laboratory trial mixture or field test data, or both, according to ACI 301.
	1. Use a qualified independent testing agency for preparing and reporting proposed mixture designs based on laboratory trial mixtures.

	B. Admixtures:  Use admixtures according to manufacturer's written instructions.
	1. Use water-reducing, high-range water-reducing, or plasticizing admixture in concrete, as required, for placement and workability.
	2. Use water-reducing and retarding admixture when required by high temperatures, low humidity, or other adverse placement conditions.
	3. Use water-reducing admixture in pumped concrete, concrete for heavy-use industrial slabs and parking structure slabs, concrete required to be watertight, and concrete with a water-cementitious materials ratio below 0.50.


	030000 – 2.11  Concrete Mixtures for Building Elements
	A. Concrete Pads:  Proportion normal-weight concrete mixture as follows:
	1. Minimum Compressive Strength:  4000 psi at 28 days.
	2. Minimum Cementitious Materials Content:  520 lb/cu. yd.
	3. Slump Limit:  4 inches (100 mm), plus or minus 1 inch.
	4. Air Content:  Do not allow air content of trowel-finished toppings to exceed 3 percent.
	5. Synthetic Micro-Fiber:  Uniformly disperse in concrete mixture at manufacturer's recommended rate, but not less than 1.5 lb/cu. yd.


	030000 – 2.12  Fabricating Reinforcement
	A. Fabricate steel reinforcement according to CRSI's "Manual of Standard Practice."

	030000 – 2.13  Concrete Mixing
	A. Ready-Mixed Concrete:  Measure, batch, mix, and deliver concrete according to ASTM C 94/C 94M, and furnish batch ticket information.
	1. When air temperature is between 85 and 90 deg F, reduce mixing and delivery time from 1-1/2 hours to 75 minutes; when air temperature is above 90 deg F, reduce mixing and delivery time to 60 minutes.

	B. Project-Site Mixing:  Measure, batch, and mix concrete materials and concrete according to ASTM C 94/C 94M.  Mix concrete materials in appropriate drum-type batch machine mixer.
	1. For mixer capacity of 1 cu. yd. or smaller, continue mixing at least 1-1/2 minutes, but not more than 5 minutes after ingredients are in mixer, before any part of batch is released.
	2. For mixer capacity larger than 1 cu. yd., increase mixing time by 15 seconds for each additional 1 cu. yd.
	3. Provide batch ticket for each batch discharged and used in the Work, indicating Project identification name and number, date, mixture type, mixture time, quantity, and amount of water added.  Record approximate location of final deposit in structure.


	030000 – 2.14  Quality Assurance
	A. Installer Qualifications:  A qualified installer who employs on Project personnel qualified as ACI-certified Flatwork Technician and Finisher and a supervisor who is an ACI-certified Concrete Flatwork Technician.
	B. Manufacturer Qualifications:  A firm experienced in manufacturing ready-mixed concrete products and that complies with ASTM C 94/C 94M requirements for production facilities and equipment.
	1. Manufacturer certified according to NRMCA's "Certification of Ready Mixed Concrete Production Facilities."

	C. Source Limitations:  Obtain each type or class of cementitious material of the same brand from the same manufacturer's plant, obtain aggregate from single source, and obtain admixtures from single source from single manufacturer.
	D. Welding Qualifications:  Qualify procedures and personnel according to AWS D1.4/D 1.4M, "Structural Welding Code - Reinforcing Steel."
	E. ACI Publications:  Comply with the following unless modified by requirements in the Contract Documents:
	1. ACI 301, "Specifications for Structural Concrete."
	2. ACI 117, "Specifications for Tolerances for Concrete Construction and Materials."

	F. Concrete Testing Service:  Engage a qualified independent testing agency to perform material evaluation tests and to design concrete mixtures.
	G. Pre-installation Conference:  Conduct conference at Project site.
	1. Before submitting design mixtures, review concrete design mixture and examine procedures for ensuring quality of concrete materials.  Require representatives of each entity directly concerned with cast-in-place concrete to attend, including the fol...
	a. Contractor's superintendent.
	b. Independent testing agency responsible for concrete design mixtures.
	c. Ready-mix concrete manufacturer.
	d. Concrete subcontractor.
	e. Special concrete finish subcontractor.

	2. Review concrete finishes and finishing, steel reinforcement installation, and concrete protection.

	CONSTRUCTION METHODS

	030000 – 3.1 Formwork
	A. Design, erect, shore, brace, and maintain formwork, according to ACI 301, to support vertical, lateral, static, and dynamic loads, and construction loads that might be applied, until structure can support such loads.
	B. Construct formwork so concrete members and structures are of size, shape, alignment, elevation, and position indicated, within tolerance limits of ACI 117.
	C. Limit concrete surface irregularities, designated by ACI 347 as abrupt or gradual, as follows:
	1. Class A, 1/8 inch for smooth-formed finished surfaces.

	D. Construct forms tight enough to prevent loss of concrete mortar.
	E. Fabricate forms for easy removal without hammering or prying against concrete surfaces.  Provide crush or wrecking plates where stripping may damage cast concrete surfaces.  Provide top forms for inclined surfaces steeper than 1.5 horizontal to 1 v...
	1. Install keyways, reglets, recesses, and the like, for easy removal.
	2. Do not use rust-stained steel form-facing material.

	F. Set edge forms, bulkheads, and intermediate screed strips for slabs to achieve required elevations and slopes in finished concrete surfaces.  Provide and secure units to support screed strips; use strike-off templates or compacting-type screeds.
	G. Provide temporary openings for cleanouts and inspection ports where interior area of formwork is inaccessible.  Close openings with panels tightly fitted to forms and securely braced to prevent loss of concrete mortar.  Locate temporary openings in...
	H. Chamfer exterior corners and edges of permanently exposed concrete.
	I. Clean forms and adjacent surfaces to receive concrete.  Remove chips, wood, sawdust, dirt, and other debris just before placing concrete.
	J. Retighten forms and bracing before placing concrete, as required, to prevent mortar leaks and maintain proper alignment.
	K. Coat contact surfaces of forms with form-release agent, according to manufacturer's written instructions, before placing reinforcement.

	030000 – 3.2 Embedded Items
	A. Place and secure anchorage devices and other embedded items required for adjoining work that is attached to or supported by cast-in-place concrete.  Use setting drawings, templates, diagrams, instructions, and directions furnished with items to be ...

	030000 – 3.3 Steel Reinforcement
	A. General:  Comply with CRSI's "Manual of Standard Practice" for placing reinforcement.
	1. Do not cut or puncture vapor retarder.  Repair damage and reseal vapor retarder before placing concrete.

	B. Clean reinforcement of loose rust and mill scale, earth, ice, and other foreign materials that would reduce bond to concrete.
	C. Accurately position, support, and secure reinforcement against displacement.  Locate and support reinforcement with bar supports to maintain minimum concrete cover.  Do not tack weld crossing reinforcing bars.
	1. Weld reinforcing bars according to AWS D1.4/D 1.4M, where indicated.

	D. Set wire ties with ends directed into concrete, not toward exposed concrete surfaces.
	E. Install welded wire reinforcement in longest practicable lengths on bar supports spaced to minimize sagging.  Lap edges and ends of adjoining sheets at least one mesh spacing.  Offset laps of adjoining sheet widths to prevent continuous laps in eit...

	030000 – 3.4 Joints
	A. General:  Construct joints true to line with faces perpendicular to surface plane of concrete.
	B. Doweled Joints:  Install dowel bars and support assemblies at joints where indicated.  Lubricate or asphalt coat one-half of dowel length to prevent concrete bonding to one side of joint.

	030000 – 3.5 Concrete Placement
	A. Before placing concrete, verify that installation of formwork, reinforcement, and embedded items is complete and that required inspections have been performed.
	B. Do not add water to concrete during delivery, at Project site, or during placement unless approved by Architect.
	C. Before test sampling and placing concrete, water may be added at Project site, subject to limitations of ACI 301.
	1. Do not add water to concrete after adding high-range water-reducing admixtures to mixture.

	D. Deposit concrete continuously in one layer or in horizontal layers of such thickness that no new concrete will be placed on concrete that has hardened enough to cause seams or planes of weakness.  If a section cannot be placed continuously, provide...
	1. Deposit concrete in horizontal layers of depth to not exceed formwork design pressures and in a manner to avoid inclined construction joints.
	2. Consolidate placed concrete with mechanical vibrating equipment according to ACI 301.
	3. Do not use vibrators to transport concrete inside forms.  Insert and withdraw vibrators vertically at uniformly spaced locations to rapidly penetrate placed layer and at least 6 inches into preceding layer.  Do not insert vibrators into lower layer...

	E. Deposit and consolidate concrete for floors and slabs in a continuous operation, within limits of construction joints, until placement of a panel or section is complete.
	1. Consolidate concrete during placement operations so concrete is thoroughly worked around reinforcement and other embedded items and into corners.
	2. Maintain reinforcement in position on chairs during concrete placement.
	3. Screed slab surfaces with a straightedge and strike off to correct elevations.
	4. Slope surfaces uniformly to drains where required.
	5. Begin initial floating using bull floats or darbies to form a uniform and open-textured surface plane, before excess bleedwater appears on the surface.  Do not further disturb slab surfaces before starting finishing operations.

	F. Cold-Weather Placement:  Comply with ACI 306.1 and as follows.  Protect concrete work from physical damage or reduced strength that could be caused by frost, freezing actions, or low temperatures.
	1. When average high and low temperature is expected to fall below 40 deg F for three successive days, maintain delivered concrete mixture temperature within the temperature range required by ACI 301.
	2. Do not use frozen materials or materials containing ice or snow.  Do not place concrete on frozen subgrade or on subgrade containing frozen materials.
	3. Do not use calcium chloride, salt, or other materials containing antifreeze agents or chemical accelerators unless otherwise specified and approved in mixture designs.

	G. Hot-Weather Placement:  Comply with ACI 301 and as follows:
	1. Maintain concrete temperature below 90 deg F at time of placement.  Chilled mixing water or chopped ice may be used to control temperature, provided water equivalent of ice is calculated to total amount of mixing water.  Using liquid nitrogen to co...
	2. Fog-spray forms, steel reinforcement, and subgrade just before placing concrete.  Keep subgrade uniformly moist without standing water, soft spots, or dry areas.


	030000 – 3.6 Finishing Formed Surfaces
	A. Smooth-Formed Finish:  As-cast concrete texture imparted by form-facing material, arranged in an orderly and symmetrical manner with a minimum of seams.  Repair and patch tie holes and defects.  Remove fins and other projections that exceed specifi...
	1. Apply to concrete surfaces exposed to public view.


	030000 – 3.7 Finishing Floors and Slabs
	A. General:  Comply with ACI 302.1R recommendations for screeding, restraightening, and finishing operations for concrete surfaces.  Do not wet concrete surfaces.
	B. Float Finish:  Consolidate surface with power-driven floats or by hand floating if area is small or inaccessible to power driven floats.  Restraighten, cut down high spots, and fill low spots.  Repeat float passes and restraightening until surface ...
	1. Apply float finish to surfaces to receive trowel finish.

	C. Trowel Finish:  After applying float finish, apply first troweling and consolidate concrete by hand or power-driven trowel.  Continue troweling passes and restraighten until surface is free of trowel marks and uniform in texture and appearance.  Gr...
	1. Apply a trowel finish to surfaces exposed to view.
	2. Finish and measure surface so gap at any point between concrete surface and an unleveled, freestanding, 10-ft.-long straightedge resting on two high spots and placed anywhere on the surface does not exceed 3/16 inch.


	030000 – 3.8 Miscellaneous Concrete Items
	A. Filling In:  Fill in holes and openings left in concrete structures after work of other trades is in place unless otherwise indicated.  Mix, place, and cure concrete, as specified, to blend with in-place construction.  Provide other miscellaneous c...
	B. Equipment Bases and Foundations:  Provide machine and equipment bases and foundations as shown on Drawings.  Set anchor bolts for machines and equipment at correct elevations, complying with diagrams or templates from manufacturer furnishing machin...

	030000 – 3.9 Concrete Protecting and Curing
	A. General:  Protect freshly placed concrete from premature drying and excessive cold or hot temperatures.  Comply with ACI 306.1 for cold-weather protection and ACI 301 for hot-weather protection during curing.
	B. Evaporation Retarder:  Apply evaporation retarder to unformed concrete surfaces if hot, dry, or windy conditions cause moisture loss approaching 0.2 lb/sq. ft. x h before and during finishing operations.  Apply according to manufacturer's written i...
	C. Unformed Surfaces:  Begin curing immediately after finishing concrete.  Cure unformed surfaces, including floors and slabs, concrete floor toppings, and other surfaces.
	D. Cure concrete according to ACI 308.1, by one or a combination of the following methods:
	1. Moisture-Retaining-Cover Curing:  Cover concrete surfaces with moisture-retaining cover for curing concrete, placed in widest practicable width, with sides and ends lapped at least 12 inches, and sealed by waterproof tape or adhesive.  Cure for not...
	a. Moisture cure or use moisture-retaining covers to cure concrete surfaces to receive floor coverings.
	b. Moisture cure or use moisture-retaining covers to cure concrete surfaces to receive penetrating liquid floor treatments.
	c. Cure concrete surfaces to receive floor coverings with either a moisture-retaining cover or a curing compound that the manufacturer certifies will not interfere with bonding of floor covering used on Project.

	2. Curing Compound:  Apply uniformly in continuous operation by power spray or roller according to manufacturer's written instructions.  Recoat areas subjected to heavy rainfall within three hours after initial application.  Maintain continuity of coa...
	a. Removal:  After curing period has elapsed, remove curing compound without damaging concrete surfaces by method recommended by curing compound manufacturer.

	3. Curing and Sealing Compound:  Apply uniformly to floors and slabs indicated in a continuous operation by power spray or roller according to manufacturer's written instructions.  Recoat areas subjected to heavy rainfall within three hours after init...


	030000 – 3.10 Concrete Surface Repairs
	A. Defective Concrete:  Repair and patch defective areas when approved by Architect.  Remove and replace concrete that cannot be repaired and patched to Architect's approval.
	B. Patching Mortar:  Mix dry-pack patching mortar, consisting of one part portland cement to two and one-half parts fine aggregate passing a No. 16 sieve, using only enough water for handling and placing.
	C. Repairing Unformed Surfaces:  Test unformed surfaces, such as floors and slabs, for finish and verify surface tolerances specified for each surface.  Correct low and high areas.  Test surfaces sloped to drain for trueness of slope and smoothness; u...
	1. Repair finished surfaces containing defects.  Surface defects include spalls, popouts, honeycombs, rock pockets, crazing and cracks in excess of 0.01 inch wide or that penetrate to reinforcement or completely through unreinforced sections regardles...
	2. After concrete has cured at least 14 days, correct high areas by grinding.
	3. Correct localized low areas during or immediately after completing surface finishing operations by cutting out low areas and replacing with patching mortar.  Finish repaired areas to blend into adjacent concrete.
	4. Correct other low areas scheduled to remain exposed with a repair topping.  Cut out low areas to ensure a minimum repair topping depth of 1/4 inch to match adjacent floor elevations.  Prepare, mix, and apply repair topping and primer according to m...
	5. Repair defective areas, except random cracks and single holes 1 inch or less in diameter, by cutting out and replacing with fresh concrete.  Remove defective areas with clean, square cuts and expose steel reinforcement with at least a 3/4-inch clea...
	6. Repair random cracks and single holes 1 inch or less in diameter with patching mortar.  Groove top of cracks and cut out holes to sound concrete and clean off dust, dirt, and loose particles.  Dampen cleaned concrete surfaces and apply bonding agen...

	D. Repair materials and installation not specified above may be used, subject to Architect's approval.

	030000 – 3.11 Field Quality Control
	A. Testing and Inspecting:  Owner will engage a qualified testing and inspecting agency to perform field tests and inspections and prepare test reports.
	B. Inspections:
	1. Steel reinforcement placement.
	2. Steel reinforcement welding.
	3. Verification of use of required design mixture.
	4. Concrete placement, including conveying and depositing.
	5. Curing procedures and maintenance of curing temperature.

	C. Concrete Tests:  Testing of composite samples of fresh concrete obtained according to ASTM C 172 shall be performed according to the following requirements:
	1. Testing Frequency:  Obtain at least one composite sample for each 100 cu. yd. or fraction thereof of each concrete mixture placed each day.
	a. When frequency of testing will provide fewer than five compressive-strength tests for each concrete mixture, testing shall be conducted from at least five randomly selected batches or from each batch if fewer than five are used.

	2. Slump:  ASTM C 143/C 143M; one test at point of placement for each composite sample, but not less than one test for each day's pour of each concrete mixture.  Perform additional tests when concrete consistency appears to change.
	3. Air Content:  ASTM C 231, pressure method, for normal-weight concrete; one test for each composite sample, but not less than one test for each day's pour of each concrete mixture.
	4. Concrete Temperature:  ASTM C 1064/C 1064M; one test hourly when air temperature is 40 deg F and below and when 80 deg F and above, and one test for each composite sample.
	5. Unit Weight:  ASTM C 567, fresh unit weight of structural lightweight concrete; one test for each composite sample, but not less than one test for each day's pour of each concrete mixture.
	6. Compression Test Specimens:  ASTM C 31/C 31M.
	a. Cast and laboratory cure two sets of two standard cylinder specimens for each composite sample.

	7. Compressive-Strength Tests:  ASTM C 39/C 39M; test one laboratory-cured specimen at 7 days and one set of two specimens at 28 days.
	a. A compressive-strength test shall be the average compressive strength from a set of two specimens obtained from same composite sample and tested at age indicated.

	8. Strength of each concrete mixture will be satisfactory if every average of any three consecutive compressive-strength tests equals or exceeds specified compressive strength and no compressive-strength test value falls below specified compressive st...
	9. Test results shall be reported in writing to Engineer, concrete manufacturer, and Contractor within 48 hours of testing.  Reports of compressive-strength tests shall contain Project identification name and number, date of concrete placement, name o...
	10. Nondestructive Testing:  Impact hammer, sonoscope, or other nondestructive device may be permitted by Architect but will not be used as sole basis for approval or rejection of concrete.
	11. Additional Tests:  Testing and inspecting agency shall make additional tests of concrete when test results indicate that slump, air entrainment, compressive strengths, or other requirements have not been met, as directed by Architect.  Testing and...
	12. Additional testing and inspecting, at Contractor's expense, will be performed to determine compliance of replaced or additional work with specified requirements.
	13. Correct deficiencies in the Work that test reports and inspections indicate do not comply with the Contract Documents.


	030000 – 3.12 Delivery, Storage, and Handling
	A. Steel Reinforcement:  Deliver, store, and handle steel reinforcement to prevent bending and damage.
	A. Concrete Pad:  This Work shall be paid lump sum, and includes materials, equipment, and labor.
	PAY ITEMS      UNIT
	P-13:  Concrete Lump Sum


	23 05 00 - Common Work Results (2)
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.
	230500 – 1.2  Summary
	A. This Section includes the following:
	1. General requirements for HVAC work.
	2. Equipment installation requirements common to equipment sections.
	3. Supports and anchorages.


	230500 – 1.3  Submittals
	A. Submit shop drawings under provisions of Division 1 and 230500.
	1. Furnish complete catalog data for materials and manufactured items of equipment to be used in the Work to Architect for review within 30 days after award of Contract.
	2. Submit eight copies of data in binders and index in same order and name as they appear in Specification.
	3. State sizes, capacities, brand names, motor HP, accessories, materials, gauges, dimensions, and other pertinent information.
	4. List on catalog covers page numbers of submitted items.
	5. Underline applicable data.
	6. If material or equipment is not as specified or submittal is not complete, it will be rejected by Engineer.

	B. Operation and Maintenance Manual for HVAC Systems
	1. Bind Operation and Maintenance Manual for Mechanical Systems in a hard-backed binder.  Label binder identifying owner, name of project, contractor's name and date.
	2. Provide a master index at beginning of Manual showing items included. Use plastic tab indexes for sections of Manual.
	3. First section shall consist of name, address, and phone number of Mechanical and Electrical Engineers, General Contractor, and Mechanical, Temperature Control, and Electrical Contractors.  Also include a complete list of equipment installed with na...
	4. Provide a section for each type of item of equipment.
	5. Submit three copies of Operation & Maintenance Manual to Engineer for his approval.  Use one of these approved copies during final inspection and leave with Owner.
	6. Include descriptive literature (Manufacturer's catalog data) of each manufactured item.  Literature shall show capacities and size of equipment used and be marked indicating each specific item with applicable data underlined.
	7. Operating instructions shall include:


	a. General description of each HVAC system.
	b. Step-by-step procedure to follow in putting fixture and each piece of HVAC equipment into operation.
	c. Schematic control diagrams for each control panel, etc.  Each diagram shall show locations of start-stop switches, pressure gauges, automatic valves, and accessories.  Mark correct operating settings for each control instrument on these diagrams.
	d. Diagram for electrical control system showing wiring of related electrical control items such as firestats, fuses, interlocks, electrical switches, and relays.
	e. A drawing of each control panel identifying components on the panels and their function.
	8. Maintenance instructions shall include:

	a. Manufacturer's maintenance instructions for each piece of HVAC equipment installed in Project. Instructions shall include name of vendor, installation instructions, parts numbers and lists, operation instructions of equipment, and maintenance instr...
	b. List of HVAC equipment used indicating name, model, serial number, and name plate data of each item together with number and name associated with each system item.
	c. Balance and Test Run Reports.
	d. Instruct Owner in operation and maintenance of HVAC systems utilizing Operation and Maintenance Manual when so doing.
	e. Include copies of all manufacturer's warranties
	C. Shop Drawings
	1. Provide shop drawings according to the requirements of Division 1 and where specified in other Sections of this Division.

	230500 – 1.4  Warranty
	A. In addition to guarantees specified in General Conditions and other sections of Division 23, guaranty, HVAC system to be free from noise in operation that may develop as a result of failure to construct system in accordance with Contract Documents....

	PRODUCTS
	230500 – 2.1  Acceptable Manufacturers
	A. The HVAC systems design is based on the manufacturer of equipment, devices, fixtures and accessories as scheduled or otherwise specified within the contract documents.
	B. Equivalent equipment, devices and accessories from the acceptable manufacturers listed within each section of this specification as acceptable may be accepted if the proposed equipment, devices, fixtures and accessories meet or exceed the requireme...
	C. If, in the opinion of the Engineer, the use of a specific piece of equipment, device, fixture or accessory of a manufacturer listed as acceptable requires additional electrical capacity or circuitry which adds to the cost of the Division 26 work, t...
	D. If, in the opinion of the Engineer, the use of a specific piece of equipment, device or accessory of a manufacturer listed requires additional structural analysis, architectural design services and/or changes to structural steel or the work of any ...

	230500 – 2.2  Substitutions
	A. Substitution request from Contractors may be submitted only after the award of Contract. Requests shall be in writing on Contractor's letterhead and shall include:
	1. Contractor's statement to the effect that proposed substitution will result in overall work equal to, or better than, work originally intended.
	2. Contractor's detailed comparison of significant qualities between specified item and proposed substitution.

	B. Statement of effect on construction time, coordination with other affected work, and cost information or proposal. Substitution requests from contractors will only be considered if: (1) extensive revisions to Contract Documents are NOT required; (2...
	1. Where request is directly related to the "or equal" clause or words of similar effect in Contract Documents.
	2. Where specified product, material or method can NOT be provided within Contract Time; but NOT as a result of Contractor's failure to pursue the work promptly to coordinate various activities properly.
	3. Where specified product, material or method can NOT be provided in manner which is compatible with other materials of the work and where Contractor certifies that proposed substitution is compatible.
	4. Where specified product, material or method can NOT be properly coordinated with other materials of the work and where Contractor certifies that proposed substitution can be properly coordinated.
	5. Where specified product, material or method can NOT be warranted as required and where Contractor certifies that proposed substitution can be so warranted.
	6. Where specified product, material or method can NOT be used without adversely affecting Owner's insurance coverage on completed work and where Contractor certifies that proposed substitution can be so used.
	7. Where specified product, material or method will encounter other substantial non-compliances which are NOT possible to otherwise overcome except by using proposed substitution.
	8. Where specified product, material or method can NOT receive required approval by governing authority and proposed substitution can be so approved.
	9. Where a substantial advantage is offered to the Owner; in terms of cost, time, energy conservation or other valuable considerations; after deducting offsetting responsibilities that this Contractor may be required to bear, including additional comp...

	C. The burden is upon the Contractor, supplier and manufacturer to satisfy the Engineer that:
	1. The proposed substitute is equal to, or superior to, the item specified.
	2. The intent of the Contract Documents, including required performance, capacity, efficiency, quality, durability, safety, function, appearance, space clearances and delivery date, will be equaled or bettered.

	D. Changes in work of other trades, such as structural supports, which are required as a result of substitution and the associated costs for such changes shall be the complete responsibility of the Contractor proposing the substitution. There shall be...

	230500 – 2.3  Quality Assurance
	A. Steel Pipe Welding:  Qualify processes and operators according to ASME Boiler and Pressure Vessel Code:  Section IX, "Welding and Brazing Qualifications."
	1. Comply with provisions in ASME B31 Series, "Code for Pressure Piping."
	2. Certify that each welder has passed AWS qualification tests for welding processes involved and that certification is current.


	CONSTRUCTION METHODS
	230500 – 3.1  General Requirements For HVAC WORK
	A. Furnish labor, materials, and equipment necessary for completion of work unless indicated or noted otherwise.
	B. Be responsible for proper operation of electrical power equipment furnished by this Division.
	C. Furnish exact location of electrical connections and complete information on motor controls to Division 26
	D. Put HVAC system into full operation and continue its operation during each working day of testing and balancing.
	E. Make changes in pulleys, belts, valves and dampers or add dampers as required for correct air and fluid flow balance at no additional cost to Owner.
	F. Be responsible for required cutting and patching incidental to work of this Division and make required repairs afterward to satisfaction of Architect and Engineer.  Cut carefully to minimize necessity for repairs to existing work.  Do not cut beams...
	G. Adjust locations of ducts, equipment, fixtures, etc., to accommodate work from interferences anticipated and encountered. Determine exact route and location of each duct or pipe prior to fabrication.

	230500 – 3.2  Equipment Installation - Common Requirements
	A. Install equipment to allow maximum possible headroom unless specific mounting heights are not indicated.
	B. Install equipment level and plumb, parallel and perpendicular to other building systems and components in exposed interior spaces, unless otherwise indicated.
	C. Install HVAC equipment to facilitate service, maintenance, and repair or replacement of components.  Connect equipment for ease of disconnecting, with minimum interference to other installations.  Extend grease fittings to accessible locations.
	D. Install equipment to allow right of way for piping installed at required slope.

	230500 – 3.3 Final Acceptance
	A. The Contractor is responsible for conducting a preliminary inspection to determine if all work is complete. After verification, the Contractor shall provide the Engineer with written notice that the work is complete. The Engineer shall schedule an ...

	230500 – 3.4  Coordination
	A. Coordinate requirements for access panels and doors for HVAC items requiring access that are concealed behind finished surfaces.

	230500 – 4.1  Measurement of work furnished within the scope of this specification is addressed in Section 020100.
	230500 – 5.1  Payment
	A. Common Work Results:  This Work shall be paid lump sum, and includes materials, equipment, and labor.
	PAY ITEMS UNIT
	P-14:  Common Work Results EA



	23 05 00 - Common Work Results
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.
	230500 – 1.2  Summary
	A. This Section includes the following:
	1. General requirements for HVAC work.
	2. Equipment installation requirements common to equipment sections.
	3. Supports and anchorages.


	230500 – 1.3  Submittals
	A. Submit shop drawings under provisions of Division 1 and 230500.
	1. Furnish complete catalog data for materials and manufactured items of equipment to be used in the Work to Architect for review within 30 days after award of Contract.
	2. Submit eight copies of data in binders and index in same order and name as they appear in Specification.
	3. State sizes, capacities, brand names, motor HP, accessories, materials, gauges, dimensions, and other pertinent information.
	4. List on catalog covers page numbers of submitted items.
	5. Underline applicable data.
	6. If material or equipment is not as specified or submittal is not complete, it will be rejected by Engineer.

	B. Operation and Maintenance Manual for HVAC Systems
	1. Bind Operation and Maintenance Manual for Mechanical Systems in a hard-backed binder.  Label binder identifying owner, name of project, contractor's name and date.
	2. Provide a master index at beginning of Manual showing items included. Use plastic tab indexes for sections of Manual.
	3. First section shall consist of name, address, and phone number of Mechanical and Electrical Engineers, General Contractor, and Mechanical, Temperature Control, and Electrical Contractors.  Also include a complete list of equipment installed with na...
	4. Provide a section for each type of item of equipment.
	5. Submit three copies of Operation & Maintenance Manual to Engineer for his approval.  Use one of these approved copies during final inspection and leave with Owner.
	6. Include descriptive literature (Manufacturer's catalog data) of each manufactured item.  Literature shall show capacities and size of equipment used and be marked indicating each specific item with applicable data underlined.
	7. Operating instructions shall include:


	a. General description of each HVAC system.
	b. Step-by-step procedure to follow in putting fixture and each piece of HVAC equipment into operation.
	c. Schematic control diagrams for each control panel, etc.  Each diagram shall show locations of start-stop switches, pressure gauges, automatic valves, and accessories.  Mark correct operating settings for each control instrument on these diagrams.
	d. Diagram for electrical control system showing wiring of related electrical control items such as firestats, fuses, interlocks, electrical switches, and relays.
	e. A drawing of each control panel identifying components on the panels and their function.
	8. Maintenance instructions shall include:

	a. Manufacturer's maintenance instructions for each piece of HVAC equipment installed in Project. Instructions shall include name of vendor, installation instructions, parts numbers and lists, operation instructions of equipment, and maintenance instr...
	b. List of HVAC equipment used indicating name, model, serial number, and name plate data of each item together with number and name associated with each system item.
	c. Balance and Test Run Reports.
	d. Instruct Owner in operation and maintenance of HVAC systems utilizing Operation and Maintenance Manual when so doing.
	e. Include copies of all manufacturer's warranties
	C. Shop Drawings
	1. Provide shop drawings according to the requirements of Division 1 and where specified in other Sections of this Division.

	230500 – 1.4  Warranty
	A. In addition to guarantees specified in General Conditions and other sections of Division 23, guaranty, HVAC system to be free from noise in operation that may develop as a result of failure to construct system in accordance with Contract Documents....

	PRODUCTS
	230500 – 2.1  Acceptable Manufacturers
	A. The HVAC systems design is based on the manufacturer of equipment, devices, fixtures and accessories as scheduled or otherwise specified within the contract documents.
	B. Equivalent equipment, devices and accessories from the acceptable manufacturers listed within each section of this specification as acceptable may be accepted if the proposed equipment, devices, fixtures and accessories meet or exceed the requireme...
	C. If, in the opinion of the Engineer, the use of a specific piece of equipment, device, fixture or accessory of a manufacturer listed as acceptable requires additional electrical capacity or circuitry which adds to the cost of the Division 26 work, t...
	D. If, in the opinion of the Engineer, the use of a specific piece of equipment, device or accessory of a manufacturer listed requires additional structural analysis, architectural design services and/or changes to structural steel or the work of any ...

	230500 – 2.2  Substitutions
	A. Substitution request from Contractors may be submitted only after the award of Contract. Requests shall be in writing on Contractor's letterhead and shall include:
	1. Contractor's statement to the effect that proposed substitution will result in overall work equal to, or better than, work originally intended.
	2. Contractor's detailed comparison of significant qualities between specified item and proposed substitution.

	B. Statement of effect on construction time, coordination with other affected work, and cost information or proposal. Substitution requests from contractors will only be considered if: (1) extensive revisions to Contract Documents are NOT required; (2...
	1. Where request is directly related to the "or equal" clause or words of similar effect in Contract Documents.
	2. Where specified product, material or method can NOT be provided within Contract Time; but NOT as a result of Contractor's failure to pursue the work promptly to coordinate various activities properly.
	3. Where specified product, material or method can NOT be provided in manner which is compatible with other materials of the work and where Contractor certifies that proposed substitution is compatible.
	4. Where specified product, material or method can NOT be properly coordinated with other materials of the work and where Contractor certifies that proposed substitution can be properly coordinated.
	5. Where specified product, material or method can NOT be warranted as required and where Contractor certifies that proposed substitution can be so warranted.
	6. Where specified product, material or method can NOT be used without adversely affecting Owner's insurance coverage on completed work and where Contractor certifies that proposed substitution can be so used.
	7. Where specified product, material or method will encounter other substantial non-compliances which are NOT possible to otherwise overcome except by using proposed substitution.
	8. Where specified product, material or method can NOT receive required approval by governing authority and proposed substitution can be so approved.
	9. Where a substantial advantage is offered to the Owner; in terms of cost, time, energy conservation or other valuable considerations; after deducting offsetting responsibilities that this Contractor may be required to bear, including additional comp...

	C. The burden is upon the Contractor, supplier and manufacturer to satisfy the Engineer that:
	1. The proposed substitute is equal to, or superior to, the item specified.
	2. The intent of the Contract Documents, including required performance, capacity, efficiency, quality, durability, safety, function, appearance, space clearances and delivery date, will be equaled or bettered.

	D. Changes in work of other trades, such as structural supports, which are required as a result of substitution and the associated costs for such changes shall be the complete responsibility of the Contractor proposing the substitution. There shall be...

	230500 – 2.3  Quality Assurance
	A. Steel Pipe Welding:  Qualify processes and operators according to ASME Boiler and Pressure Vessel Code:  Section IX, "Welding and Brazing Qualifications."
	1. Comply with provisions in ASME B31 Series, "Code for Pressure Piping."
	2. Certify that each welder has passed AWS qualification tests for welding processes involved and that certification is current.


	CONSTRUCTION METHODS
	230500 – 3.1  General Requirements For HVAC WORK
	A. Furnish labor, materials, and equipment necessary for completion of work unless indicated or noted otherwise.
	B. Be responsible for proper operation of electrical power equipment furnished by this Division.
	C. Furnish exact location of electrical connections and complete information on motor controls to Division 26
	D. Put HVAC system into full operation and continue its operation during each working day of testing and balancing.
	E. Make changes in pulleys, belts, valves and dampers or add dampers as required for correct air and fluid flow balance at no additional cost to Owner.
	F. Be responsible for required cutting and patching incidental to work of this Division and make required repairs afterward to satisfaction of Architect and Engineer.  Cut carefully to minimize necessity for repairs to existing work.  Do not cut beams...
	G. Adjust locations of ducts, equipment, fixtures, etc., to accommodate work from interferences anticipated and encountered. Determine exact route and location of each duct or pipe prior to fabrication.

	230500 – 3.2  Equipment Installation - Common Requirements
	A. Install equipment to allow maximum possible headroom unless specific mounting heights are not indicated.
	B. Install equipment level and plumb, parallel and perpendicular to other building systems and components in exposed interior spaces, unless otherwise indicated.
	C. Install HVAC equipment to facilitate service, maintenance, and repair or replacement of components.  Connect equipment for ease of disconnecting, with minimum interference to other installations.  Extend grease fittings to accessible locations.
	D. Install equipment to allow right of way for piping installed at required slope.

	230500 – 3.3 Final Acceptance
	A. The Contractor is responsible for conducting a preliminary inspection to determine if all work is complete. After verification, the Contractor shall provide the Engineer with written notice that the work is complete. The Engineer shall schedule an ...

	230500 – 3.4  Coordination
	A. Coordinate requirements for access panels and doors for HVAC items requiring access that are concealed behind finished surfaces.

	230500 – 4.1  Measurement of work furnished within the scope of this specification is addressed in Section 020100.
	230500 – 5.1  Payment
	A. Common Work Results:  This Work shall be paid lump sum, and includes materials, equipment, and labor.
	PAY ITEMS UNIT
	P-14:  Common Work Results EA



	23 05 10 - Selective HVAC Demolition
	A. Selective removal and disposal of existing HVAC equipment, ductwork, piping and controls as shown or otherwise indicated on the drawings.
	B. Retain portions of the HVAC system for reuse as shown or otherwise indicated on the drawings.
	C. Coordinate removals with existing conditions, new work, work from other divisions and the owner.
	D. The Contractor shall be responsible for removal, and unless otherwise indicated, the disposal of Mercury prior to demolition or general renovation, from all areas where renovation or demolition operations will disturb the material. Typically Mercur...
	E. The Contractor shall be responsible for coordinating the activities of all trades to prevent the above mentioned materials from being disposed of as general waste. All costs associated with separating the above mentioned hazardous materials, includ...
	F. Refrigerant recovery and removal from site as part of all refrigeration equipment disposals. (All equipment and devices containing refrigerants).
	230510 – 1.2  Project Conditions
	A. Heating, cooling & ventilation shall be maintained in all occupied areas of building during construction.
	B. Contractor shall coordinate any and all disruption of HVAC service with the owner in writing 2 weeks prior to dismantling, disconnecting or shutdown of any portion of the existing HVAC system.

	230510 – 1.3  Site Conditions
	A. The Drawings shall be taken in a sense as diagrammatic. Locations of mechanical and electrical equipment are not intended to show every offset and fitting, nor every obstruction difficulty that may be encountered.
	B. It is the responsibility of the Contractor to inspect all work areas for mercury sources, and to notify all workmen of the importance of proper handling of materials containing mercury.
	C. It is the responsibility of the Contractor to inspect all work areas for refrigerant sources, and to notify all workmen of the importance of proper procedure for removing equipment containing refrigerants.
	D. It is the responsibility of the Contractor to inspect and identify any and all liquids requiring drainage and to understand where and how liquids may be drained.

	230510 – 1.4  Project Control
	A. The Contractor shall ensure no debris from demolition or construction remains at the close of each workday and that work areas adjacent to the work area are maintained in a safe and useable condition.
	B. The Contractor shall ensure that no hazardous materials are stored on site. All drums and containers used as required by these specifications shall be removed from site at the close of each workday and areas adjacent to the work area are maintained...

	230510 – 1.5  Sequencing and Scheduling
	A. All piping to be completely drained, or isolated and partially drained, prior to commencing demolition.
	B. All power to equipment being removed shall be disconnected by electrical contractor prior to commencing demolition.
	C. Schedule and coordinate demolition with new construction to minimize frequency and duration of work in occupied areas.
	D. Schedule and coordinate removal of hazardous materials and refrigerants to ensure demolition work is executed smoothly without frequent interruptions and to minimize frequency and duration of work in occupied areas.

	PRODUCTS
	230510 – 2.1  Materials
	A. Provide all necessary materials and equipment, labor and training to perform the work of this section.

	230510 – 2.2  Waste Containers
	A. Waste containers shall meet EPA and local standards.

	230510 – 2.3  Equipment
	B. Provide all tools and equipment necessary to perform the work of this section.

	230510 – 2.4  Quality Assurance
	A. Only the best of workmanship in accordance with present standards and generally accepted construction practices will be acceptable. Any work which the workmanship is judged by the Engineer to be below the present standards or generally accepted con...

	CONSTRUCTION METHODS
	230510 – 3.1  Examination
	A. Verify field conditions prior to commencing work. Report discrepancies to Engineer before disturbing existing installation.
	B. Beginning of demolition means installer accepts existing conditions.
	C. Premature or excessive demolition or failure to retain components of the existing systems shall result in the Contractor providing replacement at no additional cost to Owner.

	230510 – 3.2  Mercury
	A. Mercury may be found in wall mounted thermostats, thermometers of wall mounted thermostats or in mercoid switches, manometers, etc. for HVAC equipment. Inspect all work areas for the presence of mercury sources. Remove (intact) all equipment that c...
	B. Place all mercury containing materials in EPA approved drums with locking tops for recycling or disposal. Pad the drums to prevent the spillage of mercury. Provide drums, EPA labels and delivery services to an EPA approved recycling facility or lan...
	C. If mercury is spilled from its enclosure onto furnishings, floors or any open area of the building, the Contractor shall hire a professional toxic spill company to come and properly remove the mercury. All costs related to a mercury spill are the r...

	230510 – 3.3 Preparation
	A. Drain piping as described above.
	B. Disconnect electrical power as described above.

	230510 – 3.4  Removal
	A. Remove and dispose of existing mechanical materials and equipment as shown in Drawings subject to the limitations described elsewhere in the contract documents.
	B. Coordinate demolition of existing equipment with all other subcontractors to avoid any conflicts which may affect safety, cost to the owner, or schedule.

	230510 – 3.5  Cleaning and Repair
	A. Clean and repair existing materials and equipment which remain or are to be reused and are being addressed by the modifications indicated on the drawing set.
	230510 – 4.1  Demolition of Existing Air Compressor:  This Work shall be paid lump sum, and includes materials, equipment, and labor.

	230510 – 5.1  Payment
	A. Demolition of Existing Air Compressor:  This Work shall be paid lump sum, and includes materials, equipment, and labor.

	PAY ITEMS         UNIT
	P-2:  Demolition of Existing Air Compressor    Lump Sum

	23 05 19 - Meters and Gauges for HVAC
	230519 - 1.1  Related Documents
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	230519 - 1.2  Summary
	A. Section Includes:
	1. Thermometers.
	2. Gages.
	3. Test plugs.

	B. Related Sections:
	1. Division 23 Section 23 21 13 "Hydronic Piping".


	230519 - 1.3  Definitions
	A. CR:  Chlorosulfonated polyethylene synthetic rubber.
	B. EPDM:  Ethylene-propylene-diene terpolymer rubber.

	230519 - 1.4  Submittals
	A. Product Data:  For each type of product indicated; include performance curves.
	B. Shop Drawings: Schedule for thermometers and gages, indicating manufacturer's number, scale range, location and application for each.
	C. Product Certificates:  For each type of thermometer and gage, signed by product manufacturer.
	D. Pressure gauges shall be calibrated in units of pounds per square inch (psi).
	E. Thermometers shall be calibrated in units of degrees of Fahrenheit.

	230519 – 2.1  Manufacturers
	A. Subject to compliance with requirements, provide products by one of the following:
	1. Ashcroft
	2. Palmer - Wahl Instruments Inc.
	3. Trerice, H. O. Co.
	4. Weiss Instruments, Inc.
	5. Weksler Instruments Operating Unit; Dresser Industries; Instrument Div.


	230519 – 2.2  Metal-Case, Liquid-In-Glass Thermometers
	A. Case:  Chrome-plated brass, 9 inches long.
	B. Tube:  Red or blue reading, organic-liquid filled, with magnifying lens.
	C. Tube Background: Satin-faced, nonreflective aluminum with permanently etched scale markings.
	D. Window:  Glass.
	E. Connector:  Adjustable type, 180 degrees in vertical plane, 360 degrees in horizontal plane, with locking device.
	F. Stem:  Copper-plated steel, aluminum, or brass for thermowell installation and of length to suit installation.
	G. Accuracy:  Plus or minus 1 percent of range, or plus or minus 1 scale division to maximum of 1.5 percent of range.

	230519 – 2.3  Thermowells
	A. Description:  Pressure-tight, socket-type metal fitting made for insertion into piping and of type, diameter, and length required to hold thermometer.

	230519 – 2.4  Pressure Gages – Liquid Filled
	A. Direct-Mounting, Dial-Type Pressure Gages: Indicating-dial type complying with ASME B40.100.
	1. Case:  Liquid-filled type, drawn steel or cast aluminum 6-inch diameter.
	2. Pressure-Element Assembly:  Bourdon tube, unless otherwise indicated.
	3. Pressure Connection:  Brass, NPS 1/4, bottom-outlet type unless back-outlet type is indicated.
	4. Movement:  Mechanical, with link to pressure element and connection to pointer.
	5. Dial:  Satin-faced, nonreflective aluminum with permanently etched scale markings.
	6. Pointer:  Red metal.
	7. Window:  Glass.
	8. Ring:  Stainless steel.
	9. Accuracy:  Grade A, plus or minus 1 percent of middle half scale.
	10. Vacuum-Pressure Range:  30-in. Hg of vacuum to 15 psig of pressure.
	11. Range for Fluids under Pressure:  Two times operating pressure.

	B. Pressure-Gage Fittings:
	1. Valves:  NPS 1/4 brass or stainless-steel needle type.
	2. Syphons:  NPS 1/4 coil of brass tubing with threaded ends.
	3. Snubbers:  ASME B40.5, NPS 1/4 brass bushing with corrosion-resistant, porous-metal disc of material suitable for system fluid and working pressure.


	230519 – 2.5  Test Plugs
	A. Description:  Corrosion-resistant brass or stainless-steel body with core inserts and gasketed and threaded cap, with extended stem for units to be installed in insulated piping.
	B. Minimum Pressure and Temperature Rating:  500 psig at 200 deg F.
	C. Core Inserts:  One or two self-sealing rubber valves.
	1. Insert material for air, water, oil, or gas service at 20 to 200 deg F shall be CR.
	2. Insert material for air or water service at minus 30 to plus 275 deg F shall be EPDM.
	CONSTRUCTION METHODS


	230519 – 3.1  Applications
	A. Install liquid-in-glass thermometers and pressure gauges in piping as shown on the drawings.
	B. Provide the following temperature ranges for thermometers:
	1. Heating Hot Water:  30 to 240 deg F, with 2-degree scale divisions.
	2. Chilled Water:  0 to 100 deg F, with 2-degree scale divisions.

	C. Provide the following ranges for pressure gauges:
	Operating pressure shall be mid-span reading, 2 psi scale divisions.


	230519 – 3.2  Installations
	A. Install pressure gages where shown or otherwise indicated by the Contract Documents.
	B. Install thermometers where shown or otherwise indicated by the Contract Documents. Install direct-mounting thermometers and adjust vertical and tilted positions.
	C. Install thermowells with socket extending one-third of diameter of pipe and in vertical position in piping tees where thermometers are indicated.
	D. Install direct-mounting pressure gages in piping tees with pressure gage located on pipe at most readable position.
	E. Install needle-valve and snubber fitting in piping for each pressure gage for fluids (except steam).
	F. Install test plugs in tees in piping.

	230519 – 3.3  Connections
	A. Install gages adjacent to machines and equipment to allow service and maintenance for meters, gages, machines, and equipment.

	230519 – 3.4  Adjusting
	B. Adjust faces of gages to proper angle for best visibility.


	23 05 29 - Hangers and Supports for HVAC
	230529 – 1.1  Related Documents
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 1 Specification Sections, apply to this Section.

	230529 – 1.2  Summary
	A. This Section includes the following hangers and supports for HVAC system piping and equipment:
	1. Metal framing systems.
	2. Fastener systems.
	3. Duct stands.

	B. Related Sections include the following:
	1. Division 23 Section "Vibration and Seismic Controls for HVAC Piping and Equipment" for vibration isolation devices.
	2. Division 23 Section(s) "Metal Ducts for duct hangers and supports.


	230529 – 1.3  Definitions
	A. MSS:  Manufacturers Standardization Society for The Valve and Fittings Industry Inc.
	B. Terminology:  As defined in MSS SP-90, "Guidelines on Terminology for Pipe Hangers and Supports."

	230529 – 1.4  Performance Requirements
	A. Design supports for multiple pipes, including pipe stands, capable of supporting combined weight of supported systems, seismic and wind loading.
	B. Design equipment supports capable of supporting combined operating weight of supported equipment and connected systems and components.
	C. Design seismic-restraint hangers and supports for piping and equipment and obtain approval from authorities having jurisdiction.

	230529 – 1.5  Submittals
	A. Product Data:  For the following:
	1. Steel duct hangers and supports.
	2. Expansion anchors - concrete.
	3. Manufactured rooftop duct and equipment supports

	B. Shop Drawings: Show fabrication and installation details.
	1. Metal framing systems.  Include Product Data for components.
	2. Fabricated duct support frames

	C. Welding certificates.
	D. Seismic and wind calculations by CT PE with signed stamp

	230529 – 2.1  Manufacturers
	A. In other Part 2 articles where titles below introduce lists, the following requirements apply to product selection:
	1. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering products that may be incorporated into the Work include, but are not limited to, manufacturers specified.
	2. Manufacturers:  Subject to compliance with requirements, provide products by one of the manufacturers specified.

	B. Galvanized, Metallic Coatings:  Hot dipped.
	C. Nonmetallic Coatings: VOC compliant exterior industrial UV-resistant mastic paint for direct application to metal.
	D. Padded Hangers or limit stops:  Hanger or stop with rubber pad or cushion for support of bearing or rubbing surface of duct.

	230529 – 2.2   Trapeze Duct Hangers
	A. Description:  MSS SP-69, Type 59, shop- or field-fabricated duct-support assembly made from structural-steel shapes with MSS SP-58 hanger rods, nuts, saddles, and U-bolts.

	230529 – 2.3  Metal Framing Systems
	A. Description:  MFMA-3, shop- or field-fabricated support assembly made of steel channels, and other components.
	B. Manufacturers:
	1. B-Line Systems, Inc.; a division of Cooper Industries.
	2. ERICO/Michigan Hanger Co.; ERISTRUT Div.
	3. GS Metals Corp.
	4. Power-Strut Div.; Tyco International, Ltd.
	5. Thomas & Betts Corporation.
	6. Tolco Inc.
	7. Unistrut Corp.; Tyco International, Ltd.

	C. Coatings:  Manufacturer's standard finish, unless bare metal surfaces are indicated.
	D. Nonmetallic Coatings:  Plastic coating, jacket, or liner.

	230529 – 2.4  Fastener Systems
	A. Mechanical-Expansion Anchors:  Insert-wedge-type zinc-coated steel, for use in hardened portland cement concrete with pull-out, tension, and shear capacities appropriate for supported loads and building materials where used.
	1. Manufacturers:
	a. B-Line Systems, Inc.; a division of Cooper Industries.
	b. Empire Industries, Inc.
	c. Hilti, Inc.
	d. ITW Ramset/Red Head.
	e. MKT Fastening, LLC.
	f. Powers Fasteners.



	230529 – 2.5  Miscellaneous Materials
	A. Structural Steel:  ASTM A 36/A 36M, steel plates, shapes, and bars; black and galvanized.
	B. Paint:VOC compliant, ultraviolet-resistant industrial exterior painting system suitable for application over galvanized or lightly rusted steel.
	1. Equal to Rust-Oleum Direct-to-Metal Polyester Urethane Mastic

	C. Grout:  ASTM C 1107, factory-mixed and -packaged, dry, hydraulic-cement, nonshrink and nonmetallic grout; suitable for interior and exterior applications.
	1. Properties:  Nonstaining, noncorrosive, and nongaseous.
	2. Design Mix:  5000-psi, 28-day compressive strength.


	230529 – 2.6  Quality Assurance
	A. Welding:  Qualify procedures and personnel according to AWS D1.4, "Structural Welding Code--Reinforcing Steel."
	B. Welding:  Qualify procedures and personnel according to the following:
	1. AWS D1.1, "Structural Welding Code--Steel."
	2. AWS D1.2, "Structural Welding Code--Aluminum."
	3. AWS D1.3, "Structural Welding Code--Sheet Steel."


	230529 – 3.1  Hanger And Support Applications
	A. Use hangers frames and supports with galvanized, metallic coatings for piping and equipment that will not have field-applied finish.
	B. Use padded limit stops for ductwork that is subject to scratching.

	230529 – 3.2  Equipment Supports
	A. Fabricate structural-steel stands to suspend equipment to support equipment above roof.
	B. Grouting:  Place grout under supports for equipment and make smooth bearing surface.
	C. Provide lateral bracing, to prevent swaying, for equipment supports.

	230529 – 3.3  Metal Fabrications
	A. Cut, drill, weld and fit miscellaneous metal fabrications for duct hangers and equipment supports.
	B. Fit exposed connections together to form hairline joints.  Field weld connections that cannot be shop welded because of shipping size limitations.
	C. Field Welding:  Comply with AWS D1.1 procedures for shielded metal arc welding, appearance and quality of welds, and methods used in correcting welding work, and with the following:
	1. Use materials and methods that minimize distortion and develop strength and corrosion resistance of base metals.
	2. Obtain fusion without undercut or overlap.
	3. Remove welding flux immediately.
	4. Finish welds at exposed connections so no roughness shows after finishing and contours of welded surfaces match adjacent contours.


	230529 – 3.4  Adjusting
	A. Hanger Adjustments:  Adjust hangers to distribute loads equally on attachments and to achieve indicated slope of Duct.
	B. Trim excess length of continuous-thread hanger and support rods to 1-1/2 inches.

	230529 – 3.5  Painting
	A. Touch Up:  Clean field welds and abraded areas of shop paint.  Paint exposed areas immediately after erecting hangers and supports.  Use same materials as used for shop painting.
	1. Apply paint by brush to provide minimum dry film thickness of 2.0 mils.

	B. Touch Up:  Cleaning and touchup painting of field welds, bolted connections, and abraded areas of shop paint on miscellaneous metals.
	C. Touch Up: Galvanized Surfaces:  Clean welds, bolted connections, and abraded areas and apply galvanizing-repair paint to comply with ASTM A 780.
	D. Galvanized steel exterior ductwork and galvanized components of duct and equipment support systems:
	1. Preparation: Clean manufacturing oil, dirt, and dust from surfaces using a water-based detergent system.  DO NOT DO THIS ON THE ROOF. Do not allow cleaning water to wet insulation between duct walls.
	2. Protect cleaned surfaces from re-contamination before and during installation.
	3. Paint ductwork before installation where possible, and touch-up afterward. Protect roof from paint dripping.  Any painting done on the roof shall be by brush or roller – not spray.



	23 05 93 - Testing, Adjuting and Balancing For HVAC
	230593 - 1.1 Related Documents
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	230593 - 1.2  Summary
	A. Section Includes:
	1. Balancing Hydronic Piping Systems:
	a. Constant-flow hydronic systems.
	b. Variable-flow hydronic systems.
	c. Primary-secondary hydronic systems.



	230593 - 1.3  Definitions
	A. NEBB: National Environmental Balancing Bureau.
	B. TAB: Testing, adjusting, and balancing.
	C. TABB: Testing, Adjusting, and Balancing Bureau.
	D. TAB Specialist: An entity engaged to perform TAB Work.

	230593 - 1.4 Action Submittals
	A. LEED Submittals:
	1. TAB Report for Prerequisite EA 2: Documentation of work performed for ASHRAE/IESNA 90.1, Section 6.7.2.3 - "System Balancing."


	230593 - 1.5 Informational Submittals
	A. Qualification Data: Within 15 days of Contractor's Notice to Proceed, submit documentation that the TAB contractor and this Project's TAB team members meet the qualifications specified in "Quality Assurance" Article.
	B. Contract Documents Examination Report: Within 15 days of Contractor's Notice to Proceed, submit the Contract Documents review report as specified in Part 3.
	C. Strategies and Procedures Plan: Within 30 days of Contractor's Notice to Proceed, submit TAB strategies and step-by-step procedures as specified in "Preparation" Article.
	D. Certified TAB reports.
	E. Sample report forms.
	F. Instrument calibration reports, to include the following:
	1. Instrument type and make.
	2. Serial number.
	3. Application.
	4. Dates of use.
	5. Dates of calibration.

	MATERIALS

	230593 - 2.1 Quality Assurance
	A. TAB Contractor Qualifications: Engage a TAB entity certified by TABB.
	1. TAB Field Supervisor: Employee of the TAB contractor and certified by TABB.
	2. TAB Technician: Employee of the TAB contractor and who is certified by TABB as a TAB technician.

	B. TAB Conference: Meet with Owner on approval of the TAB strategies and procedures plan to develop a mutual understanding of the details. Require the participation of the TAB field supervisor and technicians. Provide seven days' advance notice of sch...
	1. Agenda Items:
	a. The Contract Documents examination report.
	b. The TAB plan.
	c. Coordination and cooperation of trades and subcontractors.
	d. Coordination of documentation and communication flow.


	C. Certify TAB field data reports and perform the following:
	1. Review field data reports to validate accuracy of data and to prepare certified TAB reports.
	2. Certify that the TAB team complied with the approved TAB plan and the procedures specified and referenced in this Specification.

	D. TAB Report Forms: Use standard TAB contractor's forms approved by Owner.
	E. Instrumentation Type, Quantity, Accuracy, and Calibration: As described in ASHRAE 111, Section 5, "Instrumentation."
	F. ASHRAE/IESNA Compliance: Applicable requirements in ASHRAE/IESNA 90.1, Section 6.7.2.3 - "System Balancing."

	230593- 3.1 Tab Specialists
	A. Subject to compliance with requirements, available TAB contractors that may be engaged include, but are not limited to, the following:
	1. Wing’s Testing and Balancing, Branford, CT
	2. Brennan Company, Wallingford, CT
	3. Air Balancing Service Company, North Haven


	230593 - 3.2 Examination
	A. Examine the Contract Documents to become familiar with Project requirements and to discover conditions in systems' designs that may preclude proper TAB of systems and equipment.
	B. Examine systems for installed balancing devices, such as test ports, gage cocks, thermometer wells, flow-control devices, balancing valves and fittings, and manual volume dampers. Verify that locations of these balancing devices are accessible.
	C. Examine the approved submittals for HVAC systems and equipment.
	D. Examine design data including HVAC system descriptions, statements of design assumptions for environmental conditions and systems' output, and statements of philosophies and assumptions about HVAC system and equipment controls.
	E. Examine equipment performance data.
	1. Relate performance data to Project conditions and requirements, including system effects that can create undesired or unpredicted conditions that cause reduced capacities in all or part of a system.
	2. Calculate system-effect factors to reduce performance ratings of HVAC equipment when installed under conditions different from the conditions used to rate equipment performance.

	F. Examine system and equipment installations and verify that field quality-control testing, cleaning, and adjusting specified in individual Sections have been performed.
	G. Examine test reports specified in individual system and equipment Sections.
	H. Examine three-way valves for proper installation for their intended function of diverting or mixing fluid flows.
	I. Examine system pumps to ensure absence of entrained air in the suction piping.
	J. Examine operating safety interlocks and controls on HVAC equipment.
	K. Report deficiencies discovered before and during performance of TAB procedures. Observe and record system reactions to changes in conditions. Record default set points if different from indicated values.

	230593 - 3.3 Preparation
	A. Prepare a TAB plan that includes strategies and step-by-step procedures.
	B. Complete system-readiness checks and prepare reports. Verify the following:
	1. Permanent electrical-power wiring is complete.
	2. Hydronic systems are filled, clean, and free of air.
	3. Automatic temperature-control systems are operational.
	4. Isolating and balancing valves are open and control valves are operational.


	230593 - 3.4 General Procedures For Testing And Balancing
	A. Cut insulation, ducts, pipes, and equipment cabinets for installation of test probes to the minimum extent necessary for TAB procedures.
	1. Install and join new insulation that matches removed materials. Restore insulation, coverings, vapor barrier, and finish according to Section 230716 "HVAC Equipment Insulation," and Section 230719 "HVAC Piping Insulation."

	B. Mark equipment and balancing devices, including valve position indicators, and similar controls and devices, with paint or other suitable, permanent identification material to show final settings.
	C. Take and report testing and balancing measurements in inch-pound (IP) units.

	230593 - 3.5 General Procedures For Hydronic Systems
	A. Prepare test reports with pertinent design data, and number in sequence starting at pump to end of system. Check the sum of branch-circuit flows against the approved pump flow rate. Correct variations that exceed plus or minus 5 percent.
	B. Prepare schematic diagrams of systems' "as-built" piping layouts.
	C. Prepare hydronic systems for testing and balancing according to the following, in addition to the general preparation procedures specified above:
	1. Open all manual valves for maximum flow.
	2. Check liquid level in expansion tank.
	3. Check makeup water-station pressure gage for adequate pressure for highest vent.
	4. Check flow-control valves for specified sequence of operation, and set at indicated flow.
	5. Set differential-pressure control valves at the specified differential pressure.
	6. Set system controls so automatic valves are wide open to heat exchangers.
	7. Check pump-motor load. If motor is overloaded, throttle main flow-balancing device so motor nameplate rating is not exceeded.
	8. Check air vents for a forceful liquid flow exiting from vents when manually operated.


	230593 - 3.6 Procedures For Constant-Flow Hydronic Systems
	A. Measure water flow at pumps. Use the following procedures except for positive-displacement pumps:
	1. Verify impeller size by operating the pump with the discharge valve closed. Read pressure differential across the pump. Convert pressure to head and correct for differences in gage heights. Note the point on manufacturer's pump curve at zero flow a...
	2. Check system resistance. With all valves open, read pressure differential across the pump and mark pump manufacturer's head-capacity curve. Adjust pump discharge valve until indicated water flow is achieved.
	a. Monitor motor performance during procedures and do not operate motors in overload conditions.

	3. Verify pump-motor brake horsepower. Calculate the intended brake horsepower for the system based on pump manufacturer's performance data. Compare calculated brake horsepower with nameplate data on the pump motor. Report conditions where actual ampe...
	4. Report flow rates that are not within plus or minus 10 percent of design.

	B. Measure flow at all automatic flow control valves to verify that valves are functioning as designed.
	C. Measure flow at all pressure-independent characterized control valves, with valves in fully open position, to verify that valves are functioning as designed.
	D. Set calibrated balancing valves, if installed, at calculated presettings.
	E. Measure flow at all stations and adjust, where necessary, to obtain first balance.
	1. System components that have Cv rating or an accurately cataloged flow-pressure-drop relationship may be used as a flow-indicating device.

	F. Measure flow at main balancing station and set main balancing device to achieve flow that is 5 percent greater than indicated flow.
	G. Adjust balancing stations to within specified tolerances of indicated flow rate as follows:
	1. Determine the balancing station with the highest percentage over indicated flow.
	2. Adjust each station in turn, beginning with the station with the highest percentage over indicated flow and proceeding to the station with the lowest percentage over indicated flow.
	3. Record settings and mark balancing devices.

	H. Measure pump flow rate and make final measurements of pump amperage, voltage, rpm, pump heads, and systems' pressures and temperatures including outdoor-air temperature.
	I. Measure the differential-pressure-control-valve settings existing at the conclusion of balancing.
	J. Check settings and operation of each safety valve. Record settings.

	230593 - 3.7 Procedures For Variable-Flow Hydronic Systems
	A. Balance systems with automatic two- and three-way control valves by setting systems at maximum flow through heat-exchange terminals and proceed as specified above for hydronic systems.

	230593- 3.8 Procedures For Heat Exchangers
	A. Measure water flow through all circuits.
	B. Adjust water flow to within specified tolerances.
	C. Measure inlet and outlet water temperatures.
	D. Check settings and operation of safety and relief valves. Record settings.

	230593 - 3.9 Procedures For Motors
	A. Motors, 1/2 HP and Larger: Test at final balanced conditions and record the following data:
	1. Manufacturer's name, model number, and serial number.
	2. Motor horsepower rating.
	3. Motor rpm.
	4. Efficiency rating.
	5. Nameplate and measured voltage, each phase.
	6. Nameplate and measured amperage, each phase.
	7. Starter thermal-protection-element rating.

	B. Motors Driven by Variable-Frequency Controllers: Test for proper operation at speeds varying from minimum to maximum. Test the manual bypass of the controller to prove proper operation. Record observations including name of controller manufacturer,...

	230593 - 3.10 Tolerances
	A. Set HVAC systems’ water flow rates within the following tolerances:
	1. Heating-Water Flow Rate: Plus or minus 10 percent


	230593 - 3.11 Reporting
	A. Initial Construction-Phase Report: Based on examination of the Contract Documents as specified in "Examination" Article, prepare a report on the adequacy of design for systems' balancing devices. Recommend changes and additions to systems' balancin...
	B. Status Reports: Prepare weekly progress reports to describe completed procedures, procedures in progress, and scheduled procedures. Include a list of deficiencies and problems found in systems being tested and balanced. Prepare a separate report fo...

	230593 - 3.12 FINAL REPORT
	A. General: Prepare a certified written report; tabulate and divide the report into separate sections for tested systems and balanced systems.
	1. Include a certification sheet at the front of the report's binder, signed and sealed by the certified testing and balancing engineer.
	2. Include a list of instruments used for procedures, along with proof of calibration.

	B. Final Report Contents: In addition to certified field-report data, include the following:
	1. Pump curves.
	2. Manufacturers' test data.
	3. Field test reports prepared by system and equipment installers.
	4. Other information relative to equipment performance; do not include Shop Drawings and product data.

	C. General Report Data: In addition to form titles and entries, include the following data:
	1. Title page.
	2. Name and address of the TAB contractor.
	3. Project name.
	4. Project location.
	5. Architect's name and address.
	6. Engineer's name and address.
	7. Contractor's name and address.
	8. Report date.
	9. Signature of TAB supervisor who certifies the report.
	10. Table of Contents with the total number of pages defined for each section of the report. Number each page in the report.
	11. Summary of contents including the following:
	a. Indicated versus final performance.
	b. Notable characteristics of systems.
	c. Description of system operation sequence if it varies from the Contract Documents.

	12. Nomenclature sheets for each item of equipment.
	13. Data for terminal units, including manufacturer's name, type, size, and fittings.
	14. Notes to explain why certain final data in the body of reports vary from indicated values.

	D. System Diagrams: Include schematic layouts of air and hydronic distribution systems. Present each system with single-line diagram and include the following:
	1. Water flow rates.
	2. Pipe and valve sizes and locations.
	3. Terminal units.
	4. Balancing stations.
	5. Position of balancing devices.


	230593 - 3.13 Inspections
	A. Initial Inspection:
	1. After testing and balancing are complete, operate each system and randomly check measurements to verify that the system is operating according to the final test and balance readings documented in the final report.
	2. Check the following for each system:
	a. Measure water flow of at least 10 percent of terminals.
	b. Verify that balancing devices are marked with final balance position.
	c. Note deviations from the Contract Documents in the final report.


	B. Final Inspection:
	1. After initial inspection is complete and documentation by random checks verifies that testing and balancing are complete and accurately documented in the final report, request that a final inspection be made by Owner
	2. The TAB contractor's test and balance engineer shall conduct the inspection in the presence of Owner.
	3. Owner shall randomly select measurements, documented in the final report, to be rechecked. Rechecking shall be limited to either 10 percent of the total measurements recorded or the extent of measurements that can be accomplished in a normal 8-hour...
	4. If rechecks yield measurements that differ from the measurements documented in the final report by more than the tolerances allowed, the measurements shall be noted as "FAILED."
	5. If the number of "FAILED" measurements is greater than 10 percent of the total measurements checked during the final inspection, the testing and balancing shall be considered incomplete and shall be rejected.

	C. TAB Work will be considered defective if it does not pass final inspections. If TAB Work fails, proceed as follows:
	1. Recheck all measurements and make adjustments. Revise the final report and balancing device settings to include all changes; resubmit the final report and request a second final inspection.
	2. If the second final inspection also fails, Owner may contract the services of another TAB contractor to complete TAB Work according to the Contract Documents and deduct the cost of the services from the original TAB contractor's final payment.

	D. Prepare test and inspection reports.

	230593 - 3.14 Additional Tests
	A. Within 90 days of completing TAB, perform additional TAB to verify that balanced conditions are being maintained throughout and to correct unusual conditions.
	B. Seasonal Periods: If initial TAB procedures were not performed during near-peak summer and winter conditions, perform additional TAB during near-peak summer and winter conditions.

	230593 - 3.15 Project Conditions
	A. Full Owner Occupancy: Owner will occupy the site and existing building during entire TAB period. Cooperate with Owner during TAB operations to minimize conflicts with Owner's operations.
	B. Partial Owner Occupancy: Owner may occupy completed areas of building before Substantial Completion. Cooperate with Owner during TAB operations to minimize conflicts with Owner's operations.

	230593 - 3.16 Coordination
	A. Notice: Provide seven days' advance notice for each test. Include scheduled test dates and times.
	B. Perform TAB after leakage and pressure tests on water distribution systems have been satisfactorily completed.
	A. Testing, Adjusting and Balancing Hydronic Systems:  This Work shall be paid upon completion of the work as described in this section.

	230593 - 5.1  Payment
	B. Testing, Adjusting and Balancing Hydronic Systems:  This Work shall be paid as a lump sum for two systems.  This Work includes materials, equipment, and labor.
	C. Replacement of Balance Valves as needed:  This Work includes materials, equipment, and labor.  Quantity of 100 is assumed.
	PAY ITEMS UNIT
	P-15:  Testing, Adjusting and Balancing Hydronic Systems EA
	P-16:  Balance Valve Replacements EA


	23 07 00 - HVAC Insulation
	230700 – 1.1  Work Included
	A. Provide insulation for the following systems:
	Heating hot water supply and return piping.
	Ductwork.
	Condensate Drain Piping.


	230700 – 1.2  Submittals
	A. Product data and installation instructions on all materials shall be submitted to Engineer for approval.  The Contractor shall indicate in his submittal material thickness, where each material shall be used, and method of application.

	230700 – 1.3  Delivery, Storage And Handling
	A. Store insulation with factory shipping packaging in a dry location protected from the outdoor elements including extreme heat and cold.
	B. Protect insulation from damage during transit, delivery, storage and during entire construction period.
	C. Installing contractor is responsible for any and all damage to insulation.
	D. Do not deliver insulating materials until interior building work is suitably complete and ready to accept the materials without compromising any storage or protection requirements of this specification and the manufacturers warrantee.
	MATERIALS

	230700 – 2.1  ACCEPTABLE MANUFACTURERS
	A. Fiberglass Insulation
	1. Manville/Schuller
	2. CertainTeed/Manson
	3. Owens/Corning
	4. Knauf

	B. Flexible Foam Insulation
	1. Armstrong
	2. Halstead


	230700 – 2.2  Materials
	A. Pipe Insulation
	1. Equal to Manville "Micro-Lok AP" molded all-purpose fiberglass pipe insulation.
	2. Insulation thickness shall be:
	a. Interior insulation jacket shall be equal to Manville ASJ.
	b. Provide weatherproof aluminum jacket for all exterior piping exposed to the elements.


	B. Valve and Fitting Insulation
	1. Equal to Manville molded fiberglass insulation with Zeston 2000 series 25/50 Class A covers.

	C. All insulation and covering systems shall have Fire Hazard Classification not exceeding 25 Flame Spread, 50 Fuel Contribution, and 50 Smoke Developed when tested under ASTM E84 and UL723.
	CONSTRUCTION METHODS

	230700 – 3.1 INSTALLATION
	A. Pipe, Valve, and Fitting Insulation
	1. Install all insulation according to manufacturer's instructions.  All butt joints are to be tight and sealed with ASJ butt laps.  Secure longitudinal seams with outward clinch staples or a suitable lap adhesive.  Provide stenciled pipe labels and f...
	2. Fasten throats of fitting covers with stainless steel serrated tacks.  Use of steel staples to fasten covers is not acceptable.  Seal seams and all overlaps of fitting covers to insulation jacket with PVC tape.  Seal all exposed fiberglass with lag...
	3. Completed work shall be smooth and straight.  Fitting covers shall fit tight to pipe insulation with no gaps or fishmouths in throat seams or joints.  Completed insulation work judged aesthetically unacceptable by the Engineer shall be corrected by...
	4. Provide saddles to protect insulation at all pipe hangers. Do not penetrate insulation vapor barrier at hangers.
	5. Do not insulate plastic air conditioning condensate piping.


	23 21 13 - Hydronic Piping
	232113 - 1.1 Work Included
	A. Aboveground Hydronic Pipe and Pipe Fittings
	1. Heating hot water supply and return
	2. Connections to new equipment
	3. Equipment drains

	B. Valves

	232113 - 1.2 Related Work
	A. Section 23 05 00 – Common Work Results for HVAC
	B. Section 23 05 48 - Vibration Isolation and Seismic Restraints
	C. Section 23 07 00 - HVAC Insulation
	D. Section 23 21 14 - Hydronic Specialties
	A. Product data on all products and materials of this section shall be submitted in accordance with Special Conditions and Section 23 05 00.
	MATERIALS

	232113 - 2.1  Aboveground Heating Hot Water Piping
	A. COPPER PIPE (Pipe Sizes 1-1/2  Inches and Smaller)
	1. Type M pipe: Shall not be used.
	2. Type L pipe shall conform to ASTM B-88, bear manufacturer's name and ASTM or ANSI grade on each length.
	3. Fittings: ASTM B16.22 wrought copper.
	4. Joints: ASTM B32, lead-free solder, grade 95TA.

	B. STEEL PIPE (Pipe Sizes 2 Inches and Larger)
	1. ASTM A53 or A120, Schedule 40, black, plain end.
	2. Fittings: ANSI/ASTM B16.3, malleable iron Class 150, or ASTM A234, forged steel Class 125.
	3. Joints: Screwed, or ANSI/AWS D1.1, welded.
	4. Mechanical Pipe Coupling System
	a. Grooved pipe with mechanical couplings may be used with schedule 40 black steel pipe in systems where circulating water does not exceed 200o F. Do not use in anti-freeze protected water or steam systems.
	b. Grooved pipe coupling system shall be manufactured by Victaulic or approved equal.
	c. Couplings shall be self-centering and shall engage and lock in place the grooved or shouldered ends of pipe and pipe fittings in a positive watertight couplings. Couplings shall be designed to permit some angular pipe deflection, contraction, and e...



	232113 - 2.2  Joining Materials
	A. Refer to individual specification sections for special joining materials not listed below.
	B. Pipe Threads:  ASME B1.20.1 for factory-threaded pipe and pipe fittings.
	C. Pipe-Flange Gasket Materials:  Suitable for chemical and thermal conditions of piping system contents.
	1. ASME B16.21, nonmetallic, flat, asbestos-free, 1/8-inch maximum thickness unless thickness or specific material is indicated.
	a. Full-Face Type:  For flat-face, Class 125, cast-iron and cast-bronze flanges.
	b. Narrow-Face Type:  For raised-face, Class 250, cast-iron and steel flanges.

	2. AWWA C110, rubber, flat face, 1/8 inch thick, unless otherwise indicated; and full-face or ring type, unless otherwise indicated.

	D. Flange Bolts and Nuts:  ASME B18.2.1, carbon steel, unless otherwise indicated.
	E. Plastic, Pipe-Flange Gasket, Bolts, and Nuts:  Type and material recommended by piping system manufacturer, unless otherwise indicated.
	F. Solder Filler Metals:  ASTM B 32, lead-free alloys.  Include water-flushable flux according to ASTM B 813.
	G. Brazing Filler Metals:  AWS A5.8, BCuP Series, copper-phosphorus alloys for general-duty brazing, unless otherwise indicated; and AWS A5.8, BAg1, silver alloy for refrigerant piping, unless otherwise indicated.
	H. Welding Filler Metals:  Comply with AWS D10.12 for welding materials appropriate for wall thickness and chemical analysis of steel pipe being welded.
	I. Solvent Cements for Joining Plastic Piping:
	3. CPVC Piping:  ASTM F 493.
	4. PVC Piping:  ASTM D 2564.  Include primer according to ASTM F 656.


	232113 - 2.3  Transition Fittings
	A. Plastic-to-Metal Transition Fittings: CPVC and PVC one-piece fitting with manufacturer's Schedule 80 equivalent dimensions; one end with threaded brass insert, and one solvent-cement-joint end.
	B. Plastic-to-Metal Transition Adaptors:  One-piece fitting with manufacturer's SDR 11 equivalent dimensions; one end with threaded brass insert, and one solvent-cement-joint end.
	C. Plastic-to-Metal Transition Unions:  MSS SP-107, CPVC and PVC four-part union.  Include brass end, solvent-cement-joint end, rubber O-ring, and union nut.

	232113 - 2.4  Dielectric Fittings
	A. Description:  Combination fitting of copper alloy and ferrous materials with threaded, solder-joint, plain, or weld-neck end connections that match piping system materials.
	B. Insulating Material:  Suitable for system fluid, pressure, and temperature.
	C. Dielectric Unions:  Factory-fabricated, union assembly, for 250-psig minimum working pressure at 180 deg F.
	D. Dielectric Flanges:  Factory-fabricated, companion-flange assembly, for 150- or 300-psig minimum working pressure as required to suit system pressures.
	E. Dielectric-Flange Kits:  Companion-flange assembly for field assembly.  Include flanges, full-face or ring type neoprene or phenolic gasket, phenolic or polyethylene bolt sleeves, phenolic washers, and steel backing washers. Separate companion flan...
	F. Dielectric Couplings:  Galvanized-steel coupling with inert and noncorrosive, thermoplastic lining; threaded ends; and 300-psig minimum working pressure at 225 deg F
	G. Dielectric Nipples:  Electroplated steel nipple with inert and noncorrosive, thermoplastic lining; plain, threaded, or grooved ends; and 300-psig minimum working pressure at 225 deg F.

	232113 - 2.5  Flanges, Unions, And Couplings For Steel Pipe
	A. Pipe Size 2 Inches and Under: 150 psig malleable iron unions for threaded piping.
	B. Pipe Size Over 2 Inches: 150 psig forged steel slip-on flanges.
	C. Dielectric Connections: 2 Inch and Below - Union with galvanized or plate steel threaded end, copper solder end, or any other dissimilar pipe materials, water impervious isolation barrier. Over 2 Inch - Dielectric isolation flange.

	232113 - 2.6  Acceptable Manufacturers – Valves
	A. Milwaukee
	B. Stockham
	C. Nibco

	232113 - 2.7  Gate Valves
	A. Up to 2 Inches: Bronze body, bronze trim, union bonnet, rising stem, handwheel, inside screw, solid wedge or disc, threaded ends.  Minimum safe working pressure rating shall be 125 psig. Equal to Milwaukee 1151.
	B. Over 2 Inches: Iron body, bronze trim, rising stem, handwheel, OS&Y, solid wedge, flanged ends.  Minimum safe working pressure rating shall be 125 psig. Equal to Milwaukee F-2885-M.

	232113 - 2.8  Globe Valves
	A. 2 Inch and Smaller: 150 LB Bronze body and trim, union bonnet, rising stem and handwheel, renewable Buna-N disc, threaded or sweat ends, gland packed, packable under pressure. Equal to Milwaukee 590S (threaded) or 1590S (sweat).
	B. 2-1/2 Inch and Greater: 125 LB Iron body, bronze trim, replaceable bronze disc, bolted bonnet, gland packed, flanged ends. Equal to Milwaukee F2981.

	232113 - 2.9  Ball Valves
	A. Up to 1-1/2 Inches: Bronze one piece body, stainless steel ball and shaft, teflon seats and stuffing box ring, lever handle, solder or threaded ends.  Class 125, minimum safe working pressure rating shall be 125 psig. Equal to Milwaukee BA-100-S (t...

	232113 - 2.10  Swing Check Valves
	A. Up to 2 Inches: Bronze or iron body, 45 degree swing disc, screwed ends.  Minimum gage working pressure rating shall be 125 psig. Equal to Milwaukee fig 508.
	B. Over 2 Inches: Iron body, bronze trim, 45 degree swing disc, renewable disc and seat, flanged ends.  Minimum safe working pressure rating shall be 125 psig. Equal to Milwaukee F-2974-M.

	232113 - 2.11  Drain Valves
	A. Equal to Milwaukee fig. BA-150-H (sweat) or Milwaukee fig. BA-100-H (threaded) with 3/4-inch hose connection.

	232113 - 2.12  Butterfly Valves
	A. 200 psi Iron body, stainless steel disc, minus 30 degrees F to 275 degrees F EPT replaceable liner, wafer or lug mounting. A 10-Position locking lever handle for 3" and under, worm gear drive for sizes greater than 3 inches. Equal to Milwaukee "M" ...

	232113 - 3.1  Installation
	A. Pipe drawings are diagrammatic and indicate general location and connections.  Piping may have to be offset, lowered, or raised as required or directed at the site.  This does not relieve this Division from responsibility for proper erection of pip...
	B. All piping shall be run concealed throughout finished spaces either in furred spaces, shafts, chases, basements, under floor slabs or above ceilings. Piping buried below grade or below concrete slabs shall be run in PVC electrical conduit.
	C. Joints
	1. Joints above grade in copper pipe shall be soldered with 95/5 tin-antimony solder using non-corrosive flux.  Joints in type K copper below grade shall not be permitted.
	2. Joints in steel pipe of all sizes may be made by welding or by flanges.  Screwed joints may be made in steel pipe less than 4 inches in diameter.  Screwed Joints shall be made with Teflon tape, Teflon liquid or other approved non-hardening joint co...
	3. Cut piping accurately for fabrication to measurements established at site and work into place without springing or forcing.
	4. Remove burr and cutting slag from pipes.
	5. Make changes in direction with proper fittings.
	6. Do not use reducing bushings, street elbows, or close nipples.

	D. Arrange piping not to interfere with removal of other equipment, ducts, or devices, or block access to doors, windows, or access openings.  Provide accessible, ground joint unions in piping at connections to equipment.
	E. Make provision for expansion and contraction of piping systems without placing undue strain on pipes, fittings, valves, and equipment.  Piping shall be properly pitched and drain valves provided at low points to ensure ability to completely drain s...
	F. Provide standard steel or wrought iron sleeves wherever pipes pass through masonry walls or partitions.  Provide sleeves at all locations where pipes pass through partitions or floors.  Sleeves shall be sized two sizes over pipe size to facilitate ...
	G. Make offsets, transitions, and changes in direction of pipes, ducts, and electrical raceways as required to maintain proper head room and pitch of sloping lines whether or not indicated on drawings. Furnish and install traps, air vents, sanitary ve...
	H. Provide clearance for installation of insulation and access to valves and fittings.
	I. Provide access where valves and fittings are not exposed.  Coordinate size and location of access doors with surface finish to insure neat, clean appearance.
	J. Install valves with stems upright or horizontal, not inverted.
	K. Labeling: Label piping in accordance with specification section 23 05 53.

	232113 - 3.2 Application
	A. Use of non-metallic piping shall be limited to equipment gravity drains.
	B. Install dielectric unions or flanges where joining dissimilar materials.
	C. Install unions downstream of valves and at equipment or apparatus connections.
	D. Install brass male adapters each side of valves in copper piped system.  Sweat solder adapters to pipe.
	E. Install gate valves for shut-off and to isolate equipment, part of systems, or vertical risers. Ball valves may be used in sizes 1-1/4 inches and smaller.
	F. Install ball, globe, or butterfly valves for throttling, bypass, or manual flow control services.
	G. Provide 3/4 inch gate drain valves at main shut-off valves, low points of piping, bases of vertical risers, at equipment, and as otherwise indicated.
	H. Use butterfly valves in chilled water systems (but not hot water or glycol) interchangeably with gate and globe valves in pipe sizes 2-1/2 inch and larger. Do not use a butterfly valve to terminate piping dead ends unless a blank-off plate is also ...

	232113 - 3.3  Piping Systems - Common Requirements
	A. Install piping according to the following requirements and Division 23 sections specifying piping systems.
	B. Drawing plans, schematics, and diagrams indicate general location and arrangement of piping systems.  Indicated locations and arrangements were used to size pipe and calculate friction loss, expansion, pump sizing, and other design considerations. ...
	C. Install piping in concealed locations, unless otherwise indicated and except in equipment rooms and service areas.
	D. Install piping indicated to be exposed and piping in equipment rooms and service areas at right angles or parallel to building walls.  Diagonal runs are prohibited unless specifically indicated otherwise.
	E. Install piping above accessible ceilings to allow sufficient space for ceiling panel removal.
	F. Install piping to permit valve servicing.
	G. Install piping at indicated slopes.
	H. Install piping free of sags and bends.
	I. Install fittings for changes in direction and branch connections.
	J. Install piping to allow application of insulation.
	K. Select system components with pressure rating equal to, or greater than system operating pressure.
	L. Install escutcheons for penetrations of walls, ceilings, and floors according to the following:
	1. New Piping:
	a. Finished Space:
	1) Bare Piping with Fitting or Sleeve Protruding from Wall:  One piece, deep-pattern type with polished chrome-plated finish.
	2) Insulated Piping:  One piece, stamped-steel type with spring clips with polished chrome-plated finish.

	b. Unfinished Space:
	1) Bare Piping at Wall and Floor Penetrations in Finished Spaces:  One piece, cast brass type with rough brass finish.
	2) Insulated Piping:  One piece, stamped-steel type with spring clips with polished rough brass finish.



	M. Sleeves are not required for core-drilled holes.
	N. Fire-Barrier Penetrations:  Maintain indicated fire rating of walls, partitions, ceilings, and floors at pipe penetrations. Seal pipe penetrations with firestop materials.
	O. Refer to equipment specifications in other sections of these Specifications for roughing-in requirements.

	232113 - 3.4 Piping Joint Construction
	A. Join pipe and fittings according to the following requirements and Division 23 sections specifying piping systems.
	B. Ream ends of pipes and tubes and remove burrs.  Bevel plain ends of steel pipe.
	C. Remove scale, slag, dirt, and debris from inside and outside of pipe and fittings before assembly.
	D. Soldered Joints:  Apply ASTM B 813, water-flushable flux, unless otherwise indicated, to tube end.  Construct joints according to ASTM B 828 or CDA's "Copper Tube Handbook," using lead-free solder alloy complying with ASTM B 32.
	E. Brazed Joints:  Construct joints according to AWS's "Brazing Handbook," "Pipe and Tube" chapter, using copper-phosphorus brazing filler metal complying with AWS A5.8.
	F. Threaded Joints:  Thread pipe with tapered pipe threads according to ASME B1.20.1.  Cut threads full and clean using sharp dies.  Ream threaded pipe ends to remove burrs and restore full ID.  Join pipe fittings and valves as follows:
	1. Apply appropriate tape or thread compound to external pipe threads unless dry seal threading is specified.
	2. Damaged Threads:  Do not use pipe or pipe fittings with threads that are corroded or damaged.  Do not use pipe sections that have cracked or open welds.

	G. Welded Joints:  Construct joints according to AWS D10.12, using qualified processes and welding operators according to Part 1 "Quality Assurance" Article.
	H. Flanged Joints:  Select appropriate gasket material, size, type, and thickness for service application.  Install gasket concentrically positioned.  Use suitable lubricants on bolt threads.

	232113 - 3.5  Piping Connections
	A. Make connections according to the following, unless otherwise indicated:
	1. Install unions, in piping NPS 2 and smaller, adjacent to each valve and at final connection to each piece of equipment.
	2. Install flanges, in piping NPS 2-1/2 and larger, adjacent to flanged valves and at final connection to each piece of equipment.
	3. Install dielectric coupling, nipple, unions, or flanges to connect piping materials of dissimilar metals.


	232113 - 3.6  Field Quality Control
	B. All piping systems shall be hydrostatically tested to 3 times operating pressure or as required by the authority having jurisdiction (AHJ) and proven leak free prior to insulating.  Leaking pipe, joints, or fittings shall be removed, replaced and r...

	232113 - 3.7  Cleaning
	A. All control valves shall be locked into a wide open position and all strainer baskets, with the exception of the air separator strainer, shall be removed during cleaning and flushing. Remove and clean air separator strainer after final flushing.
	B. Flush all piping with cold water to remove chips and scale, repeating this step until no trace of contamination is found.
	C. Next fill all heating piping with a 2 percent solution of trisodium phosphate and water, and bring to a temperature of 200 degrees F. To determine quantity of trisodium phosphate to be provided, Contractor shall determine volume of system by fillin...
	D. Circulate hot water through all piping and heating elements for 2 hours, then completely drain while still hot.  Repeat this step until no sign of oil or sediment is found.
	E. Charge system with water and inhibitor solution. Coordinate with owner’s water treatment contractor.

	232113 - 6.1  References
	ANSI/ASME Section 9 Welding and Brazing Qualifications
	ANSI/ASME B16.3  Malleable Iron Threaded Fittings Classes 150 and 300
	ANSI/ASME B16.29  Wrought Copper Fittings
	ANSI/AWS D1.1   Structural Welding Code
	ASTM A53  Pipe, Steel, Black and Hot-Dipped Zinc Coated Welded and Seamless, for Ordinary Uses
	ASTM A120 Pipe, Steel, Black and Hot-Dipped Zinc Coated (Galvanized), Welded and Seamless, for Ordinary Uses
	ASTM A234 Pipe Fittings of Wrought Carbon Steel and Alloy Steel for Moderate and Elevated Temperatures
	ASTM B88   Seamless Copper Water Tube
	ASTM D1785, D2467 PVC Pipe and Fittings


	23 21 14 - Hydronic Specialties
	232114 - 1.1  Work Included
	A. Strainers.
	B. Relief Valves.
	C. Balance valves.

	232114 - 1.2  Related Work
	A. Section 23 25 00   Hydronic Piping.

	232114 - 1.3  Regulatory Requirements
	A. Conform to ANSI/ASME Boilers and Pressure Vessels Code Section 8D for manufacture of tanks.

	232114 - 1.4  Submittals
	A. Submit shop drawings and product data under provisions of Special Conditions and Section  23 05 00.
	B. Include component sizes, rough-in requirements, service sizes, and finishes.  Include product description, model, and dimensions.
	C. Submit manufacturer's installation instructions under provisions of Special Conditions and Section 23 05 00.

	232114 – 1.5  Operation and Maintenance Data
	A. Submit operation and maintenance data under provisions of Special Conditions and Section 230500.
	B. Include installation instruction, assembly views, lubrication instructions, and replacement parts list.

	232114 – 2.1  Acceptable Manufacturers
	A. Bell and Gossett
	B. Taco
	C. Armstrong

	232114 – 2.2  Strainers
	A. Size 2 inch (50 mm) and Under: Screwed brass or iron body for 175 psig  working pressure, Y pattern with 1/32 inch  stainless steel perforated screen.
	B. Size 2-1/2 inches to 4-inch: Flanged iron body for 175 psig working pressure, Y pattern with 3/64 inch stainless steel perforated screen.
	C. Size 5 inches and Larger: Flanged iron body for 175 psig working pressure, basket pattern with 1/8-inch stainless steel perforated screen.
	D. Equip all strainers with 1/2-inch ball valve and hose bib for blowdown.

	232114 – 2.3  Relief Valves
	A. Bronze body, teflon seat, stainless steel stem and springs, automatic, direct pressure actuated, capacities ASME certified and labeled. Provide capacity as scheduled, indicated or corresponding to the required relief valve capacity of the equipment...

	232114 – 2.4  Balance Valves (4” and Smaller)
	A. Calibrated, balance valve with precision machined orifice, readout valves equipped with integral check valves and gasketed caps, calibrated nameplate and indicating pointer.

	232114 – 2.5  Balance Valves (Greater than 4”)
	A. Balancing valves, where indicated in piping larger than 4 inches, shall consist of a combination of a butterfly valve for throttling and an orifice type flow meter. Where means of throttling already exists, such as combination valves at pump outlet...
	B. Cast iron, wafer type, orifice insert flow meter for 250 psig working pressure, with read out valves equipped with integral check valves with gasketed caps.
	C. Portable meter consisting of case containing one, 3 percent accuracy pressure gage with 0 to 60 feet pressure range two, 3 percent accuracy pressure gages with 0 135 inches and 0 60 feet  pressure ranges for 125 psig maximum working pressure, color...

	232114 – 2.6  Quality Assurance
	A. Manufacturer: For each product specified, provide components by same manufacturer throughout.
	CONSTRUCTION METHODS


	232114 – 3.1  Installation and Application
	A. Install specialties in accordance with manufacturer's instructions to permit intended performance.
	B. Provide valved drain and hose connection on strainer blowdown connection.
	C. Provide balancing valves on water outlet from terminal heating units.
	D. Provide relief valves on pressure tanks, low pressure side of reducing valves, heat exchangers, and expansion tanks.
	E. Select system relief valve capacity so that it is greater than make-up pressure reducing valve capacity.  Select equipment relief valve capacity not to exceed rating of connected equipment.
	F. Where one line vents several relief valves, make cross-sectional area equal to sum of individual vent areas.


	23 25 00 - HVAC Water Filtration and Treatment
	232500 – 1.1  Related Documents
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.
	B. Specification 02 01 00 “Heating System Flushing and Wastewater Removal”.

	232500 – 1.2  Summary
	A. Section includes the following HVAC water-treatment systems:
	1. Manual chemical-feed equipment and controls.
	2. Stainless-steel pipes and fittings.
	3. Chemical treatment test equipment.
	4. Chemicals.
	5. Water filtration equipment.


	232500 – 1.3  Definitions
	A. TSS: Total suspended solids are solid materials, including organic and inorganic, that are suspended in the water. These solids may include silt, plankton, and industrial wastes.

	232500 – 1.4  Action Submittals
	A. Product Data: Include rated capacities, operating characteristics, and furnished specialties and accessories for the following products:
	1. Chemical bypass feeders.
	2. Chemical test equipment.
	3. Chemical product literature and material safety data sheets.
	4. Multimedia filters.
	5. Replaceable bag- or cartridge-type filters.

	B. Shop Drawings: Pretreatment and chemical treatment equipment showing tanks, maintenance space required, and piping connections to HVAC systems.
	1. Include plans, elevations, sections, and attachment details.
	2. Include diagrams for power and control wiring.


	232500 – 1.5  Informational Submittals
	A. Water Analysis Provider Qualifications: Verification of experience and capability of HVAC water-treatment service provider. A single water treatment company shall provide all products and services for undivided responsibility throughout the warrant...
	1. Be a recognized specialist in the field of industrial water treatment for a minimum of ten (10) years.
	2. Have a regional accredited laboratory, research and development facilities,
	3. Have technical service representatives located within the trading area of the job site.

	B. Field quality-control reports.
	C. Other Informational Submittals:
	1. Water-Treatment Program: Written sequence of operation on an annual basis for the application equipment required to achieve water quality defined in "Performance Requirements" Article.
	2. Water Analysis: Illustrate water quality available at Project site.


	232500 – 1.6  Closeout Submittals
	A. Operation and Maintenance Data: For water filtration units to include in emergency, operation, and maintenance manuals.

	232500 – 2.1  Performance Requirements
	A. Water quality for HVAC systems shall minimize corrosion, scale buildup, and biological growth for optimum efficiency of HVAC equipment without creating a hazard to operating personnel or to the environment.
	B. The cleaning products used shall not require external heat to ensure their effectiveness.
	C. Base HVAC water treatment on quality of water available at Project site, HVAC system equipment material characteristics and functional performance characteristics, operating personnel capabilities, and requirements and guidelines of authorities hav...
	D. Closed hydronic systems, including hot-water heating, shall have the following water qualities:
	1. pH: Maintain a value within 8.0 and 9.0
	2. Calcium:  Maintain a maximum value of 50 ppm.
	3. Magnesium:  Maintain a maximum value of 50 ppm.
	4. Total Hardness:  Maintain a maximum value of 100 ppm (5 grains).
	5. Chloride:  Maintain a maximum value of 25 ppm.
	6. Sulfate:  Maintain a maximum value of 25 ppm.
	7. Chemical Oxygen Demand: Maintain a maximum value of 10 (g/L.
	8. Total Iron:  Maintain a maximum value of 1.5 ppm.
	9. TSS: Maintain a maximum value of 25 ppm.
	10. Microbiological Limits:
	a. Total Aerobic Plate Count: Maintain a maximum value of 1 organisms/mL.
	b. Total Anaerobic Plate Count: Maintain a maximum value of 100 organisms/mL.
	c. Nitrate Reducers: Maintain a maximum value of 100 organisms/mL.
	d. Sulfate Reducers: Maintain a maximum value of zero organisms/mL.
	e. Iron Bacteria: Maintain a maximum value of zero organisms/mL.



	232500 – 2.2  Manual Chemical-Feed Equipment
	A. Shot Feeders: Steel, with corrosion-resistant exterior coating, minimum 3-1/2-inch fill opening in the top, and NPS 3/4 bottom inlet and top side outlet. Quarter turn or threaded fill cap with gasket seal and diaphragm to lock the top on the feeder...
	B. Ball, pulverized or liquid chemicals may be added directly to feeder. Powdered chemicals must be dissolved in water prior to adding to feeder.
	1. Capacity: 5 gal.
	2. Minimum Working Pressure: 125 psig

	C. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	1. Nalco; an Ecolab company
	2. Lakos; a Lindsay Company
	3. Ampion Corp.


	232500 – 2.3  Chemical Treatment Test Equipment
	A. Test Kit: Manufacturer-recommended equipment and chemicals in a wall-mounting cabinet for testing the following:
	1. pH
	2. TSS
	3. Inhibitor
	4. Chloride
	5. Alkalinity
	6. Hardness
	7. Sulfite
	8. Conductivity
	9. Microbial Activity
	10. Glycol
	11. Freeze Point

	B. Corrosion Test-Coupon Assembly: Constructed of corrosive-resistant material, complete with piping, valves, 1-10 gpm flow indicator (no dole valve) and an isolation valve on both ends of the rack.  Shall contain both mild steel and copper coupons. L...
	1. Two-station rack for closed-loop systems.

	C. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	1. Nalco; an Ecolab company
	2. Lakos; a Lindsay Company
	3. Ampion Corp.


	232500 – 2.4  Chemicals
	A. Test Kit: Manufacturer-recommended equipment and chemicals in a wall-mounting cabinet for testing the following:
	B. Chemicals shall be as recommended by water-treatment system manufacturer that are compatible with piping system components and connected equipment and that can attain water quality specified in "Performance Requirements" Article.
	C. Chemicals shall include the following:
	1. Molybdate in the form MO6 shall be provided during the first flush.  Concentration shall be 100-200 ppm.
	2. Azole shall be provided during the second flushing event for protection of the copper piping.  Concentration shall be 10-20 ppm.
	3. Biocide (Isothiazoline) shall be provided upon completion of the cleaning process.  Concentration shall be at least 150 ppm.
	4. Oxygen Scavenger shall be provided as a one-time treatment of the heating loop upon completion of the cleaning process.  Sulfite residual concentration shall be 80-120 ppm.
	5. Corrosion Inhibitor shall be provided as a one-time treatment of the heating loop upon completion of the cleaning process.  The corrosion inhibitor shall contain a multi-functional blend of nitrite, molybdate, tolytriazole, anionic polymer and buff...


	232500 – 2.5  Filtration Equipment
	A. Centrifugal Separators:
	1. Basis-of-Design Product: Subject to compliance with requirements, provide product indicated on Drawings or comparable product by one of the following:
	a. LAKOS; Claude Laval Corporation.
	b. Culligan International Company.
	c. Ecodyne Industrial.
	d. Griswold Controls.
	e. PEP Filters, Inc.
	f. Puroflux Corporation.
	g. Rosedale Products, Inc.
	h. Siemens Water Technologies.

	2. Description: Simplex separator housing with baffles and chambers for removing particles from water by centrifugal action and gravity.
	3. Housing: With manufacturer's proprietary system of baffles and chambers.
	a. Construction: Fabricate and label steel separator housing to comply with ASME Boiler and Pressure Vessel Code: Section VIII, Division 1.
	b. Inlet: Designed with tangential entry to produce centrifugal flow of feedwater.
	c. Vortex Chamber: Designed for downward vortex flow and gravity separation of particles.
	d. Collection Chamber: Designed to hold separated particles.
	e. Outlet: Near top of unit.
	f. Purge: At bottom of collection chamber.
	g. Pipe Connections NPS 2 and Smaller: Threaded according to ASME B1.20.1.
	h. Pipe Connections NPS 2-1/2 and Larger: Steel, Class 150 flanges according to ASME B16.5 or grooved according to AWWA C606. Provide stainless-steel flanges if tank is stainless steel.

	4. Motorized Purge Valve: Gate or plug pattern valve.
	a. Motorized Valves: Butterfly-type, flanged or grooved-end, ductile-iron body, with EPDM valve seat and stem seal; with ASTM B 148 aluminum bronze disc.
	b. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for intended location and application.

	5. Strainer: Stainless-steel basket type mounted on pump suction.
	6. Piping: ASTM A 53/A 53M, Type S, F, or E; Grade B, Schedule 40 black steel, with flanged, grooved, or threaded joints and malleable, steel welding, or ductile-iron fittings.
	7. Piping: ASTM B 88, Type L copper water tube, copper-alloy solder-joint fittings, and brazed, flanged, or grooved joints.
	8. Circulating Pump: Overhung impeller, close coupled, single stage, end suction, centrifugal. Comply with UL 778 and with HI 1.1-1.2 and HI 1.3.
	a. Casing: Radially split, cast iron.
	b. Pressure Rating: 150 psig minimum.
	c. Impeller: ASTM B 584, cast bronze; statically and dynamically balanced, closed, and keyed to shaft.
	d. Shaft and Shaft Sleeve: Steel shaft with copper-alloy shaft sleeve.
	e. Seal: Mechanical.
	f. Motor: ODP motor supported on the pump-bearing frame. General requirements for motors are specified in Section 230513 "Common Motor Requirements for HVAC Equipment."
	g. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for intended location and application.

	9. Controls: Automatic control of circulating pump and separator purge; factory wired for single electrical connection.
	a. Panel: NEMA 250, Type 4  enclosure.
	b. Pump: Automatic and manual switching; manual switch position bypasses safeties and controls.
	c. Separator Purge: Automatic and manual.
	d. TSS Controller Interlock: Open separator purge valve with bleed-off control.

	10. Support: Skid mounting.
	11. Capacities and Characteristics:
	a. Separator Design:
	1) Water Flow Rate: 200 gpm.
	2) Maximum Pressure Loss: 5 psig
	3) Separator Efficiency: 98 percent.
	4) Particle-Specific Gravity: 1.8
	5) Particle Size: 20 microns

	b. Pump Motor Size and Electrical Characteristics:
	1) See Construction Drawings




	232500 – 2.6 Quality Assurance
	A. HVAC Water-Treatment Service Provider Qualifications: An experienced HVAC water-treatment service provider capable of analyzing water qualities, installing water-treatment equipment, and applying water treatment as specified in this Section.
	CONSTRUCTION METHODS

	232500 – 3.1 Water Analysis
	A. Perform an analysis of supply water to determine quality of water available at Project site.

	232500 – 3.2 Installation
	A. Install chemical application equipment on concrete bases level and plumb. Maintain manufacturer's recommended clearances. Arrange units so controls and devices that require servicing are accessible. Anchor chemical tanks and floor-mounting accessor...
	B. Install water-testing equipment on wall near water-chemical-application equipment.
	C. Install interconnecting control wiring for chemical treatment controls and sensors.
	D. Mount sensors and injectors in piping circuits.
	E. Bypass Feeders: Install in closed hydronic systems, including hot-water heating, equipped with the following:
	1. Install bypass feeder in a bypass circuit around circulating pumps unless otherwise indicated on Drawings.
	2. Install water meter in makeup-water supply.
	3. Install test-coupon assembly in bypass circuit around circulating pumps unless otherwise indicated on Drawings.
	4. Install a gate or full-port ball isolation valves on inlet, outlet, and drain below feeder inlet.
	5. Install a swing check on inlet after the isolation valve.


	232500 – 3.3 Connections
	A. Piping installation requirements are specified in other Sections. Drawings indicate general arrangement of piping, fittings, and specialties.
	B. Where installing piping adjacent to equipment, allow space for service and maintenance.
	C. Make piping connections between HVAC water-treatment equipment and dissimilar-metal piping with dielectric fittings. Dielectric fittings are specified in Section 232113 "Hydronic Piping."
	D. Install shutoff valves on HVAC water-treatment equipment inlet and outlet. Metal general-duty valves are specified in Section 232113 "Hydronic Piping."
	E. Confirm applicable electrical requirements in electrical Sections for connecting electrical equipment.
	F. Connect wiring according to Section 260519 "Low-Voltage Electrical Power Conductors and Cables."

	232500 – 3.4 Field Quality Control
	A. Manufacturer's Field Service: Engage a factory-authorized service representative to test and inspect components, assemblies, and equipment installations, including connections.
	B. Perform the following tests and inspections with the assistance of a factory-authorized service representative:
	1. Inspect field-assembled components and equipment installation, including piping and electrical connections.
	2. Inspect piping and equipment to determine that systems and equipment have been cleaned, flushed, and filled with water, and are fully operational before introducing chemicals for water-treatment system.
	3. Place HVAC water-treatment system into operation and calibrate controls during the preliminary phase of HVAC system's startup procedures.
	4. Do not enclose, cover, or put piping into operation until it is tested and satisfactory test results are achieved.
	5. Test for leaks and defects. If testing is performed in segments, submit separate report for each test, complete with diagram of portion of piping tested.
	6. Leave uncovered and unconcealed new, altered, extended, and replaced water piping until it has been tested and approved. Expose work that has been covered or concealed before it has been tested and approved.
	7. Cap and subject piping to static water pressure of 50 psig above operating pressure, without exceeding pressure rating of piping system materials. Isolate test source and allow test pressure to stand for four hours. Leaks and loss in test pressure ...
	8. Repair leaks and defects with new materials and retest piping until no leaks exist.

	C. Equipment will be considered defective if it does not pass tests and inspections.
	D. Prepare test and inspection reports.
	E. At four-week intervals following Substantial Completion, perform separate water analyses on hydronic systems to show that automatic chemical-feed systems are maintaining water quality within performance requirements specified in this Section. Submi...
	F. Comply with ASTM D 3370 and with the following standards:
	1. Silica: ASTM D 859.
	2. Steam System: ASTM D 1066.
	3. Acidity and Alkalinity: ASTM D 1067.
	4. Iron: ASTM D 1068.
	5. Water Hardness: ASTM D 1126.


	232500 – 3.5 12-Month Maintenance Service
	A. Verify with Owner that maintenance service is required for Project.
	B. Scope of Maintenance Service: Provide chemicals and service program to maintain water conditions required above to inhibit corrosion, scale formation, and biological growth for heating, hot-water piping and equipment. Services and chemicals shall b...
	1. Initial water analysis, and HVAC water-treatment recommendations.
	2. Startup assistance for Contractor to flush the systems, clean with detergents, and initially fill systems with required chemical treatment prior to operation.
	3. Periodic field service and consultation.
	4. Customer report charts and log sheets.
	5. Any required laboratory and technical assistance (as needed)
	6. Analyses and reports of all chemical items concerning safety and compliance with government regulations.
	7. Training of operating personnel and proper feed and control techniques
	8. Service visits and consultation meetings (as needed)
	9. Annual corrosion coupon study (90-day trial) one sample for mild steel and one sample for copper.

	C. The mechanical contractor shall furnish a one year’s supply of a liquid closed loop inhibitor for control of scale and corrosion in a closed recirculating system.  This one-year supply shall be a one-time treatment of corrosion inhibitor provided a...

	232500 – 3.6 Demonstration
	A. Train Owner's maintenance personnel to adjust, operate, and maintain HVAC water-treatment systems and equipment.
	A. Water Treatment Program:  This Work shall be paid lump sum, and includes materials, testing equipment, and labor.
	B. Water Treatment Program:  This Work shall be paid lump sum, and includes materials, testing equipment, and labor.
	PAY ITEMS       UNIT
	P-18:  12-month Water Treatment Program Lump Sum


	26 05 05 - Common Electrical Requirements
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.
	A. Provide basic electrical system components including raceway, wire and cable, pull and junction boxes, outlet boxes, wiring devices, motor starters, disconnect switches, overcurrent protective devices, electrical equipment not furnished as an integ...
	A. Provide all necessary notices, obtain all permits, file all required plans, obtain all necessary approvals of governmental departments and utilities having jurisdiction over the electrical work and obtain all required certificates and inspections.
	A. All materials, equipment, apparatus and work shall be in accordance with the 2011 edition of The National Electrical Code, State and Local codes, and requirements of local utility companies.
	B. Electrical equipment and materials shall be approved by the Underwriters' Laboratories, Inc. or other national, well known testing laboratory as evidenced by listing or labeling.
	1. All equipment items or parts thereof shall bear the manufacturer's nameplate, which shall give all pertinent information for the particular item.
	a. Distributor's or contractor's nameplates will not be acceptable.


	C. Discrepancies.  Provide the more stringent requirement in case of discrepancies among the Contract Documents, Code requirements and industry standards.  Also, include item or arrangement of better quality, greater quantity or higher cost in Contrac...
	1. Notify Engineer in writing of identified discrepancies.

	D. Design Drawings: Drawings are diagrammatic in nature. Locations of electrical equipment and accessories are not intended to show every offset and fitting, nor every structural difficulty that may be encountered during the installation of the Work.
	1. Where necessary and after approval from the Engineer, revise alignment of work and equipment from that shown on Drawings without additional cost to the Owner.
	a. Identify revised locations on Record Drawings.


	A. The following terms are used in this Division and are defined as follows:
	1. "Provide":  To furnish and install, ready for safe and regular operation the item, material or service under discussion.
	2. "Furnish":  To purchase, acquire and deliver to the site, complete with related accessories.
	3. "Install":  To erect, mount and connect completely, by acceptable methods.
	4. "Concealed":  Embedded in masonry or other construction; or installed in furred spaces, trenches or crawl spaces; or installed within double partitions or hung ceilings; or in enclosures.
	5. "Exposed":  Visible to building occupants, excluding mechanical room and utility tunnel locations.
	6. "Equal":  Of weight, size, design, capacity and efficiency to meet requirements specified and shown, and of acceptable manufacture, as determined in the opinion of the Engineer.
	7. "Acceptable":  Acceptable, as determined in the opinion of the Engineer.
	8. "Named" Product:  Manufacturer's name for product, as recorded in published documents of latest issue as of date of Contract Documents.  Obtain Engineer's permission before using products of later or earlier model.

	A. Identify the following:
	1. Accessories and special/non-standard features and materials to be provided.
	2. List of accessories which are required for a proper installation but are NOT part of the submittal.
	a. In the latter case, identify the Section(s) under which the accessories are being provided.


	B. Format:  Include the following information on each submittal.  Failure to comply will result in submittal rejection.
	1. Specification Section and Paragraph under which equipment is specified.
	2. Equipment or fixture identification corresponding to that used in Contract Documents.
	3. Descriptive data necessary to verify compliance with Contract Documents.

	C. Operation and Maintenance Manuals Format
	1. Arrange manuals in the following format:
	a. Tab A - Description of Electrical System and Component Parts, including function, normal operating characteristics and limiting conditions, performance curves, engineering data and tests, and complete nomenclature and manufacturer's number for repl...
	b. Tab B - Operating Procedures, including start-up, break-in, routine and normal operating instructions; regulation, control, stopping, shutdown and emergency instructions; summer and winter operating instructions; and any special operating instructi...
	c. Tab C - Sequence of Operation and Control Diagrams, corrected to show as-built conditions.
	d. Tab D - Copies of approved shop drawings, charts and diagrams.
	e. Tab E - Maintenance Procedures, including routine operations, guide to trouble-shooting; disassembly, repair and reassembly; alignment, adjusting and checking; servicing and lubrication schedule, and list of lubricants; manufacturer's installation ...
	f. Tab F - Parts List, including illustrations, assembly drawings and diagrams required for maintenance, predicted life of parts subject to wear, and recommendations for stocking spare parts.
	g. Tab G - Names, addresses and telephone numbers of manufacturer's representative and Service Company.
	h. Tab H - Other data, if required under pertinent Sections of these Specifications.


	D. Review Process:  Upon completion of submittal review, Action Submittals will be returned, marked with one of following notations: Furnish as Submitted, Furnish as Corrected, Revise and Resubmit, Rejected, or Submit Specified Item.
	1. Provide only materials and products noted as "Furnish as Submitted" or "Furnish as Corrected".

	A. List of Proposed Manufacturers:  Submit prior to product and shop drawing submittals.
	B. Copies of notification letters, permits, certificates, and inspection reports.
	C. Manufacturers Guarantee:  Furnish standard manufacturers' guarantees for work. Such guarantees shall be in addition to, and not in lieu of, other liabilities under the law or by other provisions of the Contract Documents.
	A. Product Data:
	1. Manufacturer's specifications including materials of construction, metal gage, thickness and finish.
	2. Performance data, ratings, operating characteristics and operating limits.
	3. Electrical ratings and characteristics.
	4. Certifications requested, including UL label or listing.

	B. Certification:  Certify that system elements are of sufficient capacity to meet the specified performance requirements as set forth in Contract Documents.
	C. Shop Drawings
	1. Certified dimensional drawings including clearances required for maintenance or access.
	2. Wiring and control diagrams, where applicable.

	D. The selection and intention to use a product specified by name shall NOT excuse the need for timely submission of shop drawings for that product.
	E. Submission of shop drawings of unnamed manufacture or shop drawings at variance with the Contract Documents is NOT a proper request for substitution.
	F.  Samples
	1. Submit samples as requested by Engineer/Owner.
	2. Clearly identify samples that are submitted in lieu of shop drawings. Submit a minimum of two samples.
	a. Only one sample will be returned.  Keep the accepted sample at the job site office.


	A. Record Drawings
	1. Maintain and keep on site at all times, one complete set of blackline prints for Electrical and Communication work.  Promptly and accurately record changes, revisions and additions in a clear and neat format.
	2. Indicate daily progress on Record Drawings by coloring in the various lines, fixtures, apparatus and associated appurtenances as they are erected.
	3. Approval of requisition for payment of work installed will NOT be given unless supported by the Record Drawings.
	4. At the conclusion of work, deliver Record Drawings to Owner.

	B. Operation and Maintenance Manuals
	1. Submit Operation and Maintenance manuals for each system or piece of equipment, at least 4 weeks prior to request for acceptance of same.  Upon acceptance, furnish four copies of each manual to Engineer for transmittal to Owner.

	C. Video of Equipment Instruction Procedures.  Pertaining to the operation or programming of equipment.  Submit to Owner.
	D. Letter of Guarantee.
	E. Extended equipment warranty.
	A. Warranty materials, equipment and labor against defects for a period of eighteen months from date of Substantial Completion. Repair or replace areas, materials and other systems damaged as a result of defects.
	1. Replace defective items (requiring excessive servicing) during warranty period at no additional cost to the Owner.
	2. Provide maintenance and emergency service including labor and materials during the warranty period at no additional cost to Owner.  Perform service and replace affected components within reasonable time period.

	A. Materials for the Work are specified in the appropriate Specification Sections and may also be specified on the Drawings.
	A. Contractor's options for selecting products are limited by Contract Document requirements and governing regulations and are NOT controlled by industry traditions or procedures experienced by Contractor on previous construction projects. Required pr...
	1. "Or Equal": Where named products are accompanied by the term "or equal" or words of similar effect, provide one of named products or propose substitute product according to "SUBSTITUTIONS" Article.
	2. Standards, Codes and Regulations: Where specification requires only compliance with a standard, code or regulation, Contractor may select any product which complies with requirements of that standard, code or regulation.
	3. Performance Requirements: Provide products which comply with specific performances indicated and which are recommended by manufacturer (in published product literature or by individual certification) for application intended. Overall performance of...

	B. Inclusion by name, of more than one manufacturer or fabricator, does NOT necessarily imply acceptability of standard products of those named. All manufacturers, named or proposed, shall conform, with modification as necessary, to criteria establish...
	A. Substitution requests from vendors, suppliers and manufacturers may be submitted only during bid period. Requests for substitution will NOT be considered unless requests are received by the Engineer at least 7 days prior to Bid Due date AND all sup...
	B. Substitution request from Contractors may be submitted only after the award of Contract. Requests shall be in writing on Contractor's letterhead and shall include:
	1. Contractor's statement to the effect that proposed substitution will result in overall work equal to or better than, work originally intended.
	2. Contractor's detailed comparison of significant qualities between specified item and proposed substitution.
	3. Statement of effect on construction time, coordination with other affected work, and cost information or proposal.

	C. Substitution requests from contractors will only be considered if:
	1. Extensive revisions to Contract Documents are NOT required;
	2. Changes are in keeping with general intent of Contract Documents;
	3. Requests are submitted in a timely and proper manner, fully documented; and
	4. One or more of following conditions is satisfied; all as judged by Engineer:
	a. Where request is directly related to the "or equal" clause or words of similar effect in Contract Documents.


	D. The burden is upon the Contractor, supplier and manufacturer to satisfy to the Engineer that:
	1. The proposed substitute is equal to, or superior to, the item specified.
	2. The intent of the Contract Documents, including required performance, capacity, efficiency, quality, durability, safety, function, appearance, space clearances and delivery date, will be equaled or bettered.

	E. Changes in work of other trades, such as structural supports, which are required as a result of substitution and the associated costs for such changes, shall be the complete responsibility of the Contractor proposing the substitution. There shall b...
	A. Only the best of workmanship in accordance with present standards and generally accepted construction practices will be acceptable. Any work which the workmanship is judged by the Engineer to be below the present standards or generally accepted con...
	A. Install work as close as possible to layouts shown on Contract Drawings.  Modify work as necessary to:
	1. Provide maximum possible headroom and space clearances.
	2. Provide ready access to all parts of the work, for inspection, operation, safe maintenance and repair, and code conformance.
	3. Coordinate and arrange work to avoid conflicts with work of other trades.  Satisfactory space conditions shall be shown on coordination drawing submittals.

	B. Where space appears inadequate, consult Engineer before proceeding with installation.
	C. Finished work shall present a neat coordinated appearance.
	A. Do not cover or enclose work until it has been inspected, tested, and approved by the Owner's Representative and by authorities having jurisdiction.
	B. When requested, uncover and expose work that has not been completely inspected, tested and approved.  Repair and restore surfaces and enclosures at no additional cost to Owner.
	A. Instruct the Owner or the Owner's Representative in the operation, adjustment, and maintenance of electrical equipment. The procedures of any instructions pertaining to the operation and/or programming of equipment shall be video taped and two copi...
	B. Obtain services of manufacturer's representatives of major equipment during erection or construction of their respective equipment to insure proper installation of same. Failure to have such checks made by manufacturers shall place full responsibil...
	C. Test and adjust each system and equipment for which he is responsible during the progress of the work, as required by the Engineer, and shall thoroughly test the same under working conditions at the completion of the work.
	D. Coordinate activities related to the electrical work.
	A. Remove debris at the close of each workday from work areas and adjacent occupied areas.   Maintain adjacent areas in a safe and useable condition.

	26 05 19 - Power Conductors
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.
	A. This Section includes the following:
	1. Building wires and cables rated 600 V and less.
	2. Connectors, splices, and terminations rated 600 V and less.
	3. Sleeves and sleeve seals for cables.

	A. EPDM:  Ethylene-propylene-diene terpolymer rubber.
	B. NBR:  Acrylonitrile-butadiene rubber.
	C. Product Data:  For each type of product indicated.
	D. Qualification Data:  For testing agency.
	E. Field quality-control test reports.
	A. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	1. American Insulated Wire Corp.; a Leviton Company.
	2. General Cable Corporation.
	3. Senator Wire & Cable Company.
	4. Southwire Company.
	5. Approved Manufacturer

	B. Copper Conductors:  Comply with NEMA WC 70. Minimum size for power and lighting shall be No. 12.  Minimum size for low voltage control shall be No. 16.
	C. Conductor Insulation:  Comply with NEMA WC 70 for Types THHN-THWN.
	A. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	1. AFC Cable Systems, Inc.
	2. Hubbell Power Systems, Inc.
	3. O-Z/Gedney; EGS Electrical Group LLC.
	4. 3M; Electrical Products Division.
	5. Tyco Electronics Corp.
	6. Approved Manufacturer

	B. Description:  Factory-fabricated connectors and splices of size, ampacity rating, material, type, and class for application and service indicated.
	A. Steel Pipe Sleeves:  ASTM A 53/A 53M, Type E, Grade B, Schedule 40, galvanized steel, plain ends.
	A. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, Article 100, by a testing agency acceptable to authorities having jurisdiction, and marked for intended use.
	B. Comply with NFPA 70.
	A. Feeders: Copper. Solid for No. 10 AWG and smaller; stranded for No. 8 AWG and larger.
	B. Branch Circuits: Copper. Solid for No. 10 AWG and smaller; stranded for No. 8 AWG and larger.
	A. Branch circuit conductors within lighting fixtures shall have minimum 90 degrees C. rating approved for fixture wiring.
	B. Final connections to equipment shall be made with copper insulated conductors installed in liquid tight flexible raceway. Minimum size ¾”.
	C. Conceal cables in finished walls, ceilings, and floors, unless otherwise indicated.
	D. Use manufacturer-approved pulling compound or lubricant where necessary; compound used must not deteriorate conductor or insulation.  Do not exceed manufacturer's recommended maximum pulling tensions and sidewall pressure values.
	E. Use pulling means, including fish tape, cable, rope, and basket-weave wire/cable grips, that will not damage cables or raceway.
	F. There shall be no splices in any conductors except where circuits are branched and located in accessible junction or outlet box.
	G. Unless otherwise noted, each conduit raceway shall contain only those conductors constituting a single feeder circuit.
	H. Branch circuit home runs shall not share a common neutral. Neutral conductors shall be of same size as phase conductors unless specifically noted otherwise.
	I. All feeder and branch circuits shall have a full size separate grounding conductor installed in the conduit.
	A. Tighten electrical connectors and terminals according to manufacturer's published torque-tightening values.  If manufacturer's torque values are not indicated, use those specified in UL 486A and UL 486B.
	B. Make splices and taps that are compatible with conductor material and that possess equivalent or better mechanical strength and insulation ratings than unspliced conductors.
	C. All connections and pigtail splices for wires #14-#10 shall be made with insulated type "Y", "R", or "B" spring connectors or compression splices. Conductor sizes #8 and larger shall be made with compression connectors.
	D. Use split bolt connectors for copper conductor splices and taps, 6 AWG and larger. Tape uninsulated conductors and connector with electrical tape to 150 percent of insulation rating of conductor.
	E. Make splices, taps, and terminations to carry full ampacity of conductors with no perceptible temperature rise.
	F. Wiring at Outlets:  Install conductor at each outlet, with at least 12 inches (300 mm) of slack.

	26 05 33 - Raceway and Boxes
	1. Custom enclosures and cabinets.
	1. Structural members in the paths of conduit groups with common supports.
	2. HVAC and plumbing items and architectural features in the paths of conduit groups with common supports.
	1. AFC Cable Systems, Inc.
	2. Alflex Inc.
	3. Allied Tube & Conduit; a Tyco International Ltd. Co.
	4. Anamet Electrical, Inc.; Anaconda Metal Hose.
	5. Electri-Flex Co.
	6. Manhattan/CDT/Cole-Flex.
	7. Maverick Tube Corporation.
	8. O-Z Gedney; a unit of General Signal.
	9. Wheatland Tube Company.
	10. Approved Equal
	1. Fittings for EMT:  Steel, set-screw type.
	1. Cooper B-Line, Inc.
	2. Hoffman.
	3. Square D; Schneider Electric.
	4. Approved Equal
	1. Cooper Crouse-Hinds; Div. of Cooper Industries, Inc.
	2. EGS/Appleton Electric.
	3. Erickson Electrical Equipment Company.
	4. Hoffman.
	5. Hubbell Incorporated; Killark Electric Manufacturing Co. Division.
	6. O-Z/Gedney; a unit of General Signal.
	7. RACO; a Hubbell Company.
	8. Robroy Industries, Inc.; Enclosure Division.
	9. Spring City Electrical Manufacturing Company.
	10. Thomas & Betts Corporation.
	11. Approved Equal
	1. Metal Enclosures:  Steel, finished inside and out with manufacturer's standard enamel.
	1. Rigid and Intermediate Steel Conduit:  Use threaded rigid steel conduit fittings, unless otherwise indicated.
	1. Where conduits pass from warm to cold locations, such as boundaries of refrigerated spaces.
	2. Where otherwise required by NFPA 70.
	1. Use LFMC in damp or wet locations subject to severe physical damage.
	2. Use LFMC or LFNC in damp or wet locations not subject to severe physical damage.

	26 28 16 - Switches and Circuit Breakers
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